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The  Society  of  ARTS,^tablisl>efl  in  conformity  with  the  plan 
of  the  Massachusetts  Institute  of  Technology  as  set  forth  in  the 
act  of  incorporation,  held  its  first  meeting  on  April  8,  1862. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications, 
and  to  aid  generally  in  their  advancement  in  connection  with 
arts,  agriculture,  manufactures,  and  commerce.  Regular  meet- 
ings  are   held   semi-monthly  from   October  to   May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  189 1,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly,  The  present  volume  contains  the  proceedings  from 
January  to  May,  1896,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest  to 
its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BY-LAWS. 


Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind  which  they  are  willing  to  contribute  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided  ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wish  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  ser\nce  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis)y  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.   II.  —  Duties  of  the  P^xecutive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 

duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 

fix  his  compensation  when  the  interests  of  the  Society  reouire  that 
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he  should  be  paid  for  his  services  ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed  ;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussions ; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest ;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting ;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Four  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 

Sect.  III.  —  Duties  of  the  President  .\xd  Secretary. 

1.  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  efforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.   IV.  —  F'unds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  received 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
])aid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of  the  Executive  Commit- 
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tee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Society  . 

1.  The  annual  meeting  of  the  Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI. — Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds  — 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  eflFect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting ;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three  fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts, 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments. 


vi  By-Laws, 

A  member  neglecting  to  pay  his  annual  assessment  for  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

• 
Sect.  VII.  —  Klectiox  of  the  I!1xecltivk  Committee  and  of 

THE  Secretary. 

1.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  ^7'e  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
filled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

I.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains  : 

(1)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  F*ine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sfxt.   IX.  —  Amendment  and  Repeal. 

I.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three  fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society ;  provided  that  such  changes  sl;iall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of    the    Corporation    (see    extract    from    By-Laws    of    Corporation    as 
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printed  below)  and    presented  in  writing  at  a  preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

Extract  from  the  By-Laws  of  the  Cokforation. 

The  Committee  on  the  Society  of  Arts  shall  consist  of  ten  mem- 
bers, who  shall  have  the  general  charge  and  supervision  of  the  organ- 
ization and  proceedings  of  the  Society,  subject  to  the  approval  of  the 
Corporation.  It  shall  be  their  duty,  in  connection  with  a  duly  chosen 
committee  of  the  same  number  of  members  of  the  Society,  to  form 
from  time  to  time  By-Laws  for  the  government  of  the  Society,  which 
shall  take  effect  when  approved  by  the  Corporation  and  adopted  by 
the  Society. 

October^  iSgj. 
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THIRTY-FOURTH  YEAR,  1803-96- 


Thursday,  January  9,   1896. 

The  479th  meeting  of  the  Society  of  Arts  was  held  this  day 
at  the  Institute,  Room  22,  Walker  Building,  Professor  Cross  in  the 
chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Professor  William  L.  Puffer,  of  the  Institute,  then  read  a  paper 
on  **A  New  Method  of  Studying  the  Light  of  Alternating  Arc 
Lights."  The  paper  was  illustrated  by  experiments,  during  which 
the  image  of  the  electric  arc  was  projected  upon  the  screen,  so  that 
all  present  could  observe  the  effect  of  changes  in  the  current  and 
the  appearance  produced  at  various  phases  of  the  alternation. 

A  discussion  and  an  exhibition  of  the  apparatus  followed,  after 
which,  on  motion  of  Mr.  Blodgett,  it  was  voted  to  extend  to  the 
speaker  the  thanks  of  the  Society  for  his  very  beautiful  and  elab- 
orate   experiments.     The  Society  then   adjourned. 
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Thursday,  January  23,   1896. 

The  480th  meeting  of  the  Society  of  Arts  was  held  this  day 
at  the  Institute,  Room  22,  Walker  Building,  the  President  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved.  Messrs. 
Henry  S.  Anderson,  of  Springfield,  William  H.  Bassett,  of  New  Bed- 
ford, Francis  L.  Oilman,  of  Wellesley,  Fred  M.  Kimball,  of  Somer- 
ville,  and  Thomas  P.  Ritchie,  of  Newton  Highlands,  were  duly  elected 
Associate  Members  of  the  Society. 

Professor  James  M.  Crafts,  of  the  Institute,  read  a  paper  on  "Acet- 
ylene." The  paper  was  fully  illustrated  by  experiments  showing  the 
properties  of   the  gas.     The  Society  then  adjourned. 


Thursday,  February  13,   1896. 

The  481st  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute,  Walker  Building,  Room  22,  on  this  day  at  8  p.m.,  Mr.  G.  W. 
Blodgett  in  the  chair. 

The  record  of    the  last  meeting  was  read  and  approved. 

Mr.  Louis  Derr,  of  the  Institute,  read  a  paper  on  ^'Apparatus  for 
Showing  the  Phase-Relations  of  Alternating  Currents."  The  paper 
was  illustrated  by  experiments  with  the  apparatus,  which  consists,  in 
part,  of  a  revolving  mirror  and  three  mirrors  attached  to  wires  through 
which  alternating  currents  may  be  passed.  The  oscillations  of  the 
wires  due  to  the  changes  of  phase  in  the  current  were  rendered 
visible  by  means  of  beams  of  colored  light  reflected  from  the  mirrors 
on  the  wires  to  the  revolving  mirror,  and  thence  to  the  screen.  In 
this  way  the  phases  of  the  currents  in  the  three  wires  could  be  com- 
pared directly  under  various  conditions,  and  were  shown  to  correspond 
to  the  curves  calculated  mathematically. 

Professor  Cross  then  gave  a  demonstration  of  the  **  X-Rays  of 
Rontgen.**  P'irst,  the  direct  effect  of  these  rays  on  several  fluorescent 
materials  was  shown,  and  then  the  same  effect  to  a  less  degree  was 
obtained  when  the  Crookes  tube  was  separated  from  the  fluorescent 
material  by  plates  of  aluminium,  vulcanite,  etc.  Quartz  and  glass, 
on  the  other  hand,  were  shown  to  be  opaque  to  the  X-rays.  In 
closing,  Professor  Cross  mentioned  experiments  by  Dr.  Goodwin  in 
which  it  was  found  that  the  X-rays  affect  the  discharge  of  negative 
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electricity  in  the  same  way  that  the  ultra-violet  light  rays  do,  and 
he  suggested  that  this  similarity  to  light  may  indicate  a  similar  ther- 
apeutic value.     The  Society  then  adjourned. 


Thursday,  February  27,   1896. 

The  482d  meeting  of  the  Society  of  Arts  was  held  at  the  In- 
stitute on  this  day  at  8  p.m.,  with  Professor  Swain  in  the  chair. 

The  record  of  the  last  meeting  was  read  and  approved.  Messrs. 
Robert  B.  Taber,  of  Cambridge,  E.  K.  Turner,  of  Boston,  John  R. 

Freeman,   of    Providence,   Rhode  Island,  Joseph  P.   Gray,  of  Boston, 

« 

Eli  Forbes,  of  Clinton,  William  B.  Fuller,  of  Boston,  Charles  D. 
Jenkins,  of  Boston,  Charles  W.  Holtzer,  of  Brookline,  and  Allen 
Hazen,  of  Boston,  were  duly  elected  Associate  Members. 

President  T.  C.  Mendenhall,  of  the  Worcester  Polytechnic  Insti- 
tute, was  then  introduced,  and  read  a  paper  on  "The  Alaska  and 
Northeastern  Boundary  Line  Disputes  with  England.'*  The  paper 
was  illustrated  with  the  lantern,  by  means  of  which  there  were  ex- 
hibited maps  showing  the  disputed  boundary  in  Passamaquoddy 
Bay,  and  maps  showing  the  lines  claimed  by  England  and  Amer- 
ica, respectively,  between  Alaska  and  the  British  possessions  south 
of  Mount  St.  Elias,  together  with  views  illustrating  the  topography 
of  the  country.  A  discussion  followed,  and  then  the  President  ex- 
tended to  the  speaker  the  thanks  of  the  Society  for  his  very  inter- 
esting paper,  and  the   Society  adjourned. 


Thursday,  March  12,   1896. 

The  483d  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  on  this  day  at  8  p.m.,  Professor  Lanza  in  the  chair. 

The  record  of  the  last  meeting  was  read  and  approved.  The 
following  were  duly  elected  Associate  Members :  Caryl  D.  Haskins 
and  Sidney  B.  Paine,  of  Newton  Centre,  Samuel  E.  Allen  and  Frank 
W.  Atwood,  of  Boston,  Howard  R.  Barton,  of  Englewood,  New  Jersey, 
Grosvcnor  T.  Blood,  Stephen  Bowen,  and  P^rederick  W.  Bradley,  of 
Boston,  Samuel  T.  Braley,  of  Rutland,  Vermont,  George  L.  Bixby,  of 
lillizabeth.  New  Jersey,  J.  A.  Cameron,  of  Forge  Village,  F.  D.  Chase, 
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of  Versailles,  Pennsylvania,  Lewis  P.  Cody,  of  Grand  Rapids,  Mich- 
igan, Henry  A.  Craigin,  of  New  York,  Gorham  Dana,  of  Boston, 
Frank  E.  Davis,  of  Worcester,  Nathan  B.  Day,  of  Boston,  Darragh 
de  Lancey,  of  Rochester,  New  York,  John  O.  De  Wolf,  of  Cambridge, 
Lawrence  B.  Dixon,  of  Chicago,  Edwin  F.  Dwelley,  of  Lynn,  John 
Ellis,  of  Lonsdale,  Rhode  Island,  Sumner  B.  Ely,  of  Harrisburg,  Penn- 
sylvania, Francis  A.  J.  Fitz  Gerald,  of  Niagara  Falls,  New  York, 
George  H.  Goodell,  of  Susquehanna,  Pennsylvania,  Benjamin  Wilder 
Guppy,  of  Melrose,  F.  W.  Hadley,  of  Boston,  Richard  A.  Hale,  of 
Lawrence,  Frank  W.  Hodgdon,  of  Arlington,  P)dward  C.  Holton, 
of  Cleveland,  Ohio,  Prcscott  A.  Hopkins  and  William  J.  Hopkins, 
of  Philadelphia,  Harry  H.  Hunt,  of  Boston,  Frank  W.  Lovejoy,  of 
Cambridge,  Clement  March,  of  Bridgeport,  Connecticut,  Henry  Mar- 
tin, of  South  Gardiner,  Maine,  Frederick  Mctcalf,  of  Providence, 
Rhode  Island,  Leonard  Metcalf,  of  Amherst,  Burdett  Moody,  of  Lead, 
South  Dakota,  P.  A.  Mosman,  of  Pueblo,  Colorado,  Luther  R.  Nash, 
of  Boston,  Arthur  J.  Ober,  of  West  Medford,  Joseph  Y.  Parce,  Jr.,  of 
Denver,  Colorado,  Franklin  A.  Park,  of  Winchendon,  Leo  W.  Pickert, 
of  Boston,  Clarence  D.  Pollock,  of  Brooklyn,  New  York,  Howard  S. 
Reynolds,  of  Braintree,  Marion  Talbot,  of  Chicago,  Edward  A.  Tucker, 
of  Melrose,  Welland  Y.  Sargent,  of  Chicago,  Adelaide  Sherman, 
of  Roxbury,  Frederick  T.  Snyder,  of  Milwaukee,  Wisconsin,  Henry 
Souther,  of  Hartford,  Connecticut,  Arthur  B.  Stoddard,  of  La  Salle, 
Illinois,  Charles  A.  Stone,  of  Boston,  George  W.  Vaillant,  of  New 
York,  Frank  W.  Very,  of  Hyde  Park,  Elton  D.  Walker,  of  Schnectady, 
New  York,  Roger  J.  Williams,  of  Canton,  C.  Nelson  Wrightington, 
of  Ludlow,  and  Fred  G.  Slawson,  of  Roxbury. 

The  following  papers  were  presented  by  title :  **  Reduction  of  Ni- 
trates by  Bacteria  and  Consequent  Loss  of  Nitrogen,"  by  Ellen  H. 
Richards  and  George  William  Rolfe ;  "Graduation  of  a  loolnch 
Photometer  Bar,"  by  W.  Lincoln  Smith.  These  papers  are  printed 
in   the  present  number  of  the   Quarterly. 

Professor  Edward  Y,  Miller,  of  the  Institute,  was  then  introduced, 
and  read  a  paper  on  "A  Duty  Test  of  the  Twenty-Million  Gallon 
Leavitt  Pumping  Engine  at  Chestnut  Hill."  The  paper  was  illus- 
trated with  the  lantern.  It  will  be  published,  with  some  additions, 
in  the  June  number  of  the  Quarterly,  A  discussion  followed,  and 
then,  after  a  vote  of  thanks  to  the  speaker  for  his  interesting  and 
valuable  paper,  the  Society  adjourned. 


N. 
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Thursday,  March  26,   1896. 

The  484th  meeting  of  the  Society  of  Arts  was  held  at  the 
Institute  on  this  day  at  8  p.m.,  the  President  in  the  chair. 

The  record  of  the  last  meeting  was  read  and  approved.  Messrs. 
George  E.  Barstow,  of  Lynn,  Spaulding  Bartlett,  of  Webster,  Charles 
B.  Beach,  of  Dubuque,  Iowa,  Charles  H.  Bigelow,  of  Salem,  A.  Percy 
Brown  and  E.  V.  French,  of  Boston,  W.  K.  Gaylord,  of  Pasadena, 
California,  Lewis  S.  Greenleaf,  of  Boston,  Edward  M.  Hunt,  of  Port- 
land, Maine,  W.  R.  Kales,  of  Cleveland,  Ohio,  Francis  H.  Kendall, 
of  Cambridge,  Joseph  H.  Kimball,  of  West  Newton,  Morris  Knowles, 
2d,  of  Boston,  G.  Frederick  Knapp,  of  Philadelphia,  L.  Henry  Kun- 
hardt,  of  Boston,  Franklin  T.  Miller,  of  Auburndale,  Franz  W. 
Schwarz,  of  Lawrence,  H.  C.  Slater,  of  Ridley  Park,  Pennsylvania, 
J.  M.  Sully,  of  Chickamauga,  Georgia,  S.  H.  Thorndike,  of  Cam- 
bridge, Edwin  S.  Webster,  of  Boston,  S.  Edgar  Whitaker,  of  Lynn, 
Thomas  H.  Wiggin,  of  Maiden,  W.  H.  Winkley,  of  West  Medford, 
Richard  J.  Flinn,  of  West  Roxbury,  and  Theodore  Horton,  of  Boston, 
were  duly  elected  Associate  Members. 

A  paper  on  "The  Sea  Mills  of  Cephalonia,"  by  F.  W.  Crosby  and 
W.  O.  Crosby,  was  presented  by  title.  It  is  printed  in  the  present 
number  of  the  Quarterly, 

The  President  then  introduced  Mr.  H.  W.  Clark,  Chemist  in 
Charge  of  the  Experiment  Station  of  the  State  Board  of  Health  at 
Lawrence,  who  read  a  paper  on  "  The  Properties  of  Sands  and  Their 
Examination,  with  Special  Reference  to  Their  Use  in  Filtration." 
The  paper  will  be  published  in  the  June  number  of  the  Quarterly, 
The  reading  of  the  paper  was  followed  by  a  discussion,  during  which 
Professor  Sedgwick  spoke  of  the  excellent  work  of  Mr.  Clark  at 
Lawrence.  The  President  thanked  the  speaker,  and  the  Society 
adjourned. 

Robert    Payne    Bigelow,  Secretary, 
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THE   SEA   MILLS   OF  CEPHALONIA. 

By  F.   W.  CROSBY  and  W.  O.  CROSBY. 
Received  March  24,  1896. 

Description. 

Greece  is  a  country  replete  with  geologic  interest,  but  probably 
it  presents  no  more  curious  or  puzzling  structural  or  dynamical  phe- 
nomenon than  the  water  power  of  the  so-called  Sea  Mills  near  Ar- 
gostoli  on  the  island  of  Cephalonia.  Our  attention  was  first  called 
to  this  phenomenon  by  the  following  statement  in  Baedeker's  Greece, 
After  giving  a  brief  description  of  ArgostoH,  the  chief  town  on  the 
island  of  Cephalonia,  Baedeker  goes  on  to  say :  "  From  the  Maitland 
Monument  we  may  proceed  along  the  coast,  past  the  British  Con- 
sulate and  the  large  wine  cellars  of  Mr.  Toole,  to  the  celebrated  Sea 
Mills.  The  first  of  the  latter  is  the  mill  of  Dr.  Migliaressi,  estab- 
lished in  1859,  and  one  fourth  mile  farther  on,  at  the  north  end  of 
the  peninsula,  is  the  old  mill,  erected  by  Mr.  Stevens  in  1835,  where 
we  obtain  a  better  view  of  the  phenomenon  from  whence  the  mills 
derive  their  name.  The  mills  are  driven  by  a  current  of  sea-water, 
which  flows  into  the  land  for  about  fifty  yards  through  an  artificial 
channel,  finally  disappearing  amid  clefts  and  fissures  in  the  limestone 
jock.  Authorities  are  not  yet  unanimous  as  to  the  explanation  of 
this  unique  phenomenon." 

The  phenomenon  appeared  not  only  unprecedented,  but  contrary 
to  nature.  If  she  "abhors  a  vacuum,*'  would  she,  could  she,  tolerate 
such  a  monstrous  thing  as  an  inverted  river  and  vast,  if  not  aching, 
voids,  in  realms  beneath  the  sea  for  such  an  unnatural  stream  to 
flow  into.^  Feeling  thus  somewhat  incredulous  as  to  the  correct- 
ness of  this  account,  despite  the  general  reliability  of  Baedeker,  the 
senior  writer  (F.  W.  Crosby)  visited  ArgostoH  and  made  a  personal 
investigation. 

ArgostoH  is  on  the  southern  coast  of  Cephalonia,  on  the  landward 
side  of  a  long,  narrow  ridge  of  limestone  which  forms  its  landlocked 
harbor.     A  mile  north  of   the  town,  at  the  extremity  of   the   prom- 
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Sea  Mills  of  Argostoli  in  any  strictly  scientific  work.  H.  E.  Strick- 
land, an  English  geologist,  visited  Argostoli  in  1835,  j^st  after  the 
erection  of  the  first  mill,  and  published  a  brief  but  very  good  ac- 
count of  the  phenomenon.^  In  his  volume  on  The  Ocean  Reclus 
says,  page  146:  *'When  the  waves  of  the  sea  cannot  enter  into  the 
caverns  remote  from  the  shore  except  by  narrow  channels,  it  often 
happens  that  a  rivulet  of  salt  water  regularly  flows  toward  the  inte- 
rior of  the  land  without  ever  returning  to  the  ocean.  This,  strange 
fact,  which  may  seem  at  first  sight  a  reversal  of  the  laws  of  nature, 
may  be  observed  at  various  points  on  the  coast  of  calcareous  coun- 
tries, and  especially  on  the  coasts  of  Greece  and  the  neighboring 
islands.  Near  Argostoli,  a  commercial  town  in  the  island  of  Ceph- 
alonia,  four  little  torrents  of  sea-water,  rolling  on  an  average  55  gal- 
lons of  water  per  second,  penetrate  into  the  fissures  of  the  cliffs,  flow 
rapidly  among  the  blocks  that  are  scattered  over  the  rocky  bed,  and 
gradually  disappear  in  the  crevices  of  the  soil.  Two  of  these  water- 
courses are  sufficiently  powerful  to  turn  throughout  the  year  the 
wheels  of  two  mills  constructed  by  an  enterprising  Englishman. 
Though  the  subterranean  cavities  of  Argostoli  are  in  constant  com- 
munication with  the  sea,  and  the  entrance  to  the  canals  is  carefully 
freed  from  the  seaweed  that  could  obstruct  the  passage,  or  at  least 
retard  the  current,  the  waters  are  not  the  same  height  in  the  grot- 
toes as  in  the  neighboring  gulf.  This  is  because  the  calcareous  rocks 
of  Cephalonia,  dried  on  the  surface  by  the  sea  breeze  and  the  heat 
of  the  sun,  are  pierced  and  cracked  throughout  by  innumerable  crev- 
ices, which  are  so  many  flues  aiding  the  circulation  of  the  air  and 
the  evaporization  of  the  hidden  moisture.  We  can  compare  the  en- 
tire mass  of  the  hills  of  Argostoli,  with  all  their  caverns,  to  an 
immense  alcarraza^  the  contents  of  which  arc  gradually  evaporated 
through  the  porous  clay.  In  consequence  of  this  constant  loss  of 
liquid,  the  level  of  the  water  is  always  lower  in  the  caverns  than  in 
the  sea,  and  to  restore  the  equilibrium  the  brooklets,  which  are  fed 
by  the  waves,  descend  incessantly  by  all  the  fissures  toward  the  sub-  . 
terranean  reser\'oirs.  It  is  probable  that  the  constant  evaporation  of 
the  salt  water  has  resulted  in  the  accumulation  in  the  cavities  of  the 
island  of  enormous  saline  masses.  Professor  Ansted  has  calculated 
that  the  discharge  of  the  two  great  marine  streams  of  Argostoli  would 
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be  sufficient  to  form  each  year  a  block  of  more  than  i,8oo  cubic  yards 
of  salt." 

Searching  among  books  of  travel  and  tourists*  handbooks  has 
brought  to  light  several  references  to  the  Sea  Mills.  John  Davy, 
London,  1842,  in  giving  a  description  of  his  sojourn  among  the 
islands,  tells  of  the  Sea  Mills  at  Argostoli,  which  he  did  not  see 
himself,  obtaining  his  information  from  Dr.  White.  The  description 
is  fairly  accurate,  as  the  following  quotation  shows:  "The  next  phe- 
nomenon I  have  to  mention  is  very  extraordinary,  and  apparently 
contrary  to  the  order  of  nature.  It  is  the  flowing  of  the  water  of 
the  sea  into  the  land  in  currents  or  rivulets,  which  descend  and  are 
lost  in  the  bowels  of  the  earth.  They  flow  with  such  rapidity  that 
an  enterprising  Englishman  has  erected  a  gristmill,  which  is  a  great 
success."  Farther  on  he  observes,  "It  is  only  recently  that  it  has 
been  brought  to  the  knowledge  of  the  English,  and  it  is  now  become 
a  subject  of  curious  inquiry  and  speculation." 

In  1854  Murray's  Handbook  for  Greece  was  written  by  G.  F. 
Bowen.  His  account  of  the  Sea  Mills  is  taken  verbatim  from  Davy. 
In  1863  a  book  on  the  Ionian  Islands  was  published  by  Professor 
D.  T.  Ansted.  On  page  322  he  refers  to  the  Sea  Mills  as  "a  Ceph- 
alonian  mystery."  He  says  :  "At  four  points  on  the  coast  the  sea,  at 
its  ordinary  level,  enters  a  very  narrow  creek,  or  broken  rocky  chan- 
nel, and  disappears."  There  are  no  streams  which  could  be  called 
rivulets,  except  the  "artificial  channels  leading  from  the  mills,  but  he  is 
quite  right  in  stating  that  "the  water  is  greedily  and  rapidly  absorbed 
by  the  whole  surface  between  the  two  mills." 

Professor  Ansted  has  a  theory  for  the  disposition  of  the  water. 
He  says  it  must  be  evaporated.  But  in  what  manner  he  does  not 
tell  us,  and  he  admits  that  he  sees  no  way  to  dispose  of  the  residual 
salts  which  would  accrue  from  the  evaporation  of  so  great  a  volume 
of  sea-water.  He  gives  as  a  reason  for  holding  to  the  evaporation 
idea  the  fact  "that  there  are  no  springs  on  the  island  that  present 
any  large  quantity  of  saline  matter." 

In  1846  Viscount  Kirkwall's  book.  Four  Years  in  the  Ionian 
Islandsy  was  published.  After  describing  how  the  wonderful  water- 
courses were  first  discovered  and  by  whom  the  mills  were  built,  we 
find  on  page  67  the  following  curious  statement :  "  Admirals,  gen- 
erals, bishops,  and  distinguished  civilian  visitors  seldom  failed  to  ex- 
amine this  very  interesting  phenomenon." 
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It  is  difficult  to  decide  which  is  the  greater  marvel,  the  Sea  Mills 
themselves  or  the  fact  that  they  have  remained  practically  unknown 
to  the  scientific  world  up  to  the  present  day,  although  described  by 
several  authors,  mentioned  in  the  guidebooks,  and  visited,  as  the 
viscount  says,  by  "admirals,  generals,  bishops,  and  distinguished  civil- 
ian visitors."  Must  we  not  conclude  that  "fair  science"  had  no 
devotees  among  the  titled  crowd  who  from  time  to  time  looked  won- 
deringly  upon  the  **  Cephalonian    mystery"? 

Proposed  Explanation  or  the  Sea  Mills  of  Cephalonia. 

No  explanation  of  this  phenomenon  heretofore  suggested  is  even 
measurably  satisfactory.  It  cannot  be  connected  in  any  way  with 
tidal  phenomena,  because  this  part  of  the  Mediterranean  is  almost 
tideless,  and  there  is  nothing  periodic  in  the  flow  of  the  water  into 
the  land.  That  the  water  is  simply  filling  a  system  of  fissures  and 
caverns  in  the  earth  is  clearly  inadmissible  in  view  of  the  well-estab- 
lished facts.  The  flow  of  water  into  the  land  has  certainly  been 
unmterrupted  since  1833,  when  first  observed  by  Stev-ens,  and  Strick- 
land stated  in  1835  ^  that  it  had  been  known  to  the  Greeks  for  many 
years.  Therefore  a  continuous  downward  flow  for  a  full  century  ap- 
pears to  be  a  reasonable  assumption,  and  a  period  of  several  or  many 
centuries  is,  perhaps,  not  improbable.  The  supply  of  water  is  ex- 
haustless,  and  the  rate  of  downpour  is  limited  only  by  the  capacity 
of  the  fissures.  The  present  rate  of  flow,  or  anything  approaching 
it,  continued  for  a  century  would  give  a  total  volume  of  water  so 
prodigious  as  to  far  exceed  the  capacity  of  any  known  caverns.  The 
force  of  this  objection  is  augmented  by  the  consideration  that  cav- 
erns other  than  fissures  ("spaces  of  discission")  must  have  been 
formed  by  solution  of  the  rocks  ("  spaces  of  dissolution  "),  and  have 
thus  required  for  their  formation  a  volume  of  water  many  times 
greater  than  that  required  to  fill  them.  Furthermore,  it  is  virtually 
an  axiom  in  geology  that  all  cavities  in  the  earth  below  the  drainage 
level  of  the  district,  and  especially  below  sea  level,  except  possibly 
those  due  to  recent,  sudden,  and  extensive  rifting,  must  be  perma- 
nently and  continuously  full  of  water,  and  certainly  it  is  hardly 
conceivable  that    fracture  fissures  developed  at  the  surface  as   mere 
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cracks  could  require  centuries  for  their  filling  with  the  sea  pouring 
into  them. 

None  of  the  suggested  modifications  of  the  cavern  theory  seems 
to  be  worthy  of  serious  consideration.  We  cannot  suppose  that  the 
water  flows  into  caverns  and  disappears  by  evaporation  or  absorption. 
Both  of  these  processes  below  a  very  moderate  depth  would  neces- 
sarily be  extremely  slow,  and  the  former  would  gradually  fill  the 
caverns  with  salt.  Nor  can  we  follow  Strickland  ^  in  the  supposition 
that  an  earthquake  has  at  some  period  opened  a  communication  be- 
tween the  sea  and  the  region  of  volcanic  fire,  and  that  the  water, 
being  there  converted  into  steam,  is  afterward  condensed  in  its  upward 
course  and  forms  those  hot  springs  which  exist  in  various  parts  of 
Greece.  Equally  objectionable  is  the  view  that  the  water  is  absorbed 
at  great  depths  by  molten  magmas.  Volcanic  phenomena  are  wholly 
wanting  in  this  part  of  Greece ;  that  is,  there  are  no  active,  recently 
active,  or  extinct  volcanoes  nor,  so  far  as  we  can  learn,  any  geo- 
logically recent  volcanic  rocks.  The  great  crater  of  Santorin  is  three 
hundred  miles  distant,  while  Cephalonia  and  the  neighboring  main- 
land consist  of  Secondary  and  Tertiary  strata  overlying  ancient  crys- 
talline   rocks. 

The  rejection  of  all  these  hypotheses  forces  us  to  the  conclusion 
that  in  some  way  the  water  must  return  to  the  surface.  A  circulation 
due  exclusively  to  hydrostatic  pressure  is  manifestly  impossible,  un- 
less, indeed,  it  should  issue  in  the  basin  of  the  Dead  Sea,  a  full 
thousand  miles  distant,  since  the  water  starts  downward  from  the 
sea  level.  Still  less  can  we  suppose  with  Ansted  that  it  would  rise 
in  the  form  of  saline  springs  on  the  land. 

It  has  occurred  to  us,  however,  that  in  the  subterranean  heat  we 
have  an  adequate  cause  of  aqueous  circulation.  The  temperature  of 
the  ground  increases  downward,  and  it  certainly  is  not  a  violent 
hypothesis  that  the  water  gains  access  to  a  system  of  fissures  trav- 
ersing a  notable  range  of  temperature.  In  this  connection  it  may 
be  noted  that  the  conditions  are  favorable  to  profound  fissuring;  for 
Cephalonia,  like  the  rest  of  Greece,  is  distinctly  a  seismic  region  — 
earthquakes,  often  of  destructive  severity,  being  of  annual  and  almost 
monthly  occurrence,^  and  the  prevailing  rock  formation  is  the  mas- 
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Fig.  I. 


Fig.  2. 


give  an  efficient  water  power  or  a  clear  fall  of  several  feet,  and  the 
velocity  of  flow  throughout  the  system  would,  of  course,  be  inversely 
proportional  to  the  section  of  the  fissure. 

Our  first    conception  was  that   a  special    or  local  source  of   heat 
adjacent  to  the  upflow  branch  of  the  system  of   fissures  (x.  Fig.    i) 

would  be  essential 
to  an  efficient  cir- 
culation, but  it  now 
appears  that  even 
in  a  quite  symmet- 
rical arrangement  of 
fissures  and  with 
strictly  horizontal 
isogeotherms  (Fig.  2)  some  slight  inequality  might  determine 
movement  of  the  water  in  a  definite  direction,  down  one  fissure 
and  up  the  other ;  and  that  such  a  movement  once  established 
would  be  accelerated  by  the  circumstance  that,  in  consequence  of 
the  movement,  the  downflow  fissure  is  filled  almost  to  the  bottom 
with  cold  water  or  water  that  has  experienced  only  a  slight  rise  of 
temperature,  while  the  upflow  fissure  is  filled  throughout  with  rela- 
tively warm  water. 

It  is  very  obvious,  however,  that  a  much  more  decided  and  active 
circulation  would  result 
with  an  unsymmetrical 
or  one-sided  arrangement 
of  the  fissures  (Fig.  3). 
Conceive  one  fissure  as 
highly  inclined  or  vertical, 
at  least  in  its  lowest  part, 
and  the  other  as  rising 
at  first  in  a  very  oblique 
or  nearly  horizontal  direc- 
tion from  its  lowest  part,  so  as  to  be  relatively  long  in  the  zone  of 
hi^'-hest  temperature,  and  then  reaching  the  surface  by  a  more  direct 
course,  so  as  to  be  relatively  short  in  the  zone  of  lowest  temperature. 
This  is  certainly  not  an  improbable  arrangement,  and  it  provides  the 
mechanism  for  a  strong  circulation  of  the  water  ;  for  below  any  given 
isotherm,  as  that  indicated  by  the  dotted  line  in  the  figure,  a  much 
longer  column  of  water  is  exposed  to  the  higher  temperature  on  one 
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These  are  significant  facts,  and  they  appear  to  prove  not  only 
an  intimate  connection  between  the  earthquake  fissures  and  the  un- 
derground aqueous  circulation,  but  also  that  this  circulation  is  suffi- 
ciently profound  to  give  rise  to  numerous  thermal  springs.  Again, 
no  facts  are  known  to  us  which  militate  against  the  view  that  the 
brackish  springs  represent  a  subterranean  circulation  which  originates 
in  the  sea,  the  sea-water  becoming  diluted  during  its  underground 
passage.  Certainly  the  enormous  volumes  of  water  which  these  saline 
springs  discharge,  and  have  discharged  continuously  for  decades  and 
centuries,  are  unfavorable  to  the  view  that  they  have  derived  their 
salt  from  unknown  saliferous  strata.  They  are  near  the  sea  and,  so 
far  as  we  can  learn,  near  sea  level,  and  in  the  absence  of  definite 
indications  to  the  contrary  may,  perhaps,  fairly  be  assumed  to  mark 
the  exits  or  return  currents  of  some  such  streams  of  sea-water  as 
we  see  pouring  down  into  the  land  in  the  Sea  Mills  of  Argostoli. 
Temperature  data  are,  of  course,  desirable  to  show  whether  these 
saline  springs  are  always  warmer  than  the  adjacent  sea,  and  in  the 
absence  of  such  data  a  positive  statement  as  to  the  source  of  the 
water  would  not  be  justified. 

An  examination  of  our  best  general  works  on  geology  leaves 
the  impression  that  the  subterranean  heat  has  been  somewhat  neg- 
lected as  a  cause  of  the  circulation  of  wate.r  through  the  rocks.  With 
its  aid  we  can  explain  an  active  and  efficient  circulation  in  the  deep 
region  or  far  below  the  base  level  of  the  district,  and  a  source  above 
the  base  level  appears,  as  Posepny  has  hinted,^  not  to  be  strictly 
essential  to  the  theories  of  thermal  springs  and  artesian  wells.  In 
other  words,  while  the  underground  circulation  is  conditioned  pri- 
marily by  structure,  the  motive  power  is  derived  from  either  the 
subterranean  heat  or  a  topographic  head  —  a  difference  of  density 
or  a  difference  of  level.  These  two  dynamic  causes  may  cooperate, 
they  may  act  more  or  less  independently,  or  they  may  antagonize  each 
other ;  and,  as  noted,  it  is  at  least  conceivable  that  a  spring,  impelled 
by  the  subterranean  heat,  rnay  rise  above  its  source. 

It  is  generally  conceded  that,  under  the  influence  of  the  tremendous 
subterranean  pressures,  aided  by  capillary  attraction,  water  pervades 
all  rocks ;  but  it  is  also  recognized  that  anything  like  a  definite  or 
rapid  circulation  of  the  water  can  only  take  place  in  fissures  or  con- 


'  Transactions  American  Institute  of  Mining  Engineers,  23,  217. 
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downward  by  interstitial  percolation  loses  during  its  slow  passage 
through  the  rocks  its  free  oxygen  and  exchanges  its  free  carbon 
dioxide  for  dissolved  carbonates,  chiefly  alkaline,  and  is  thus  well 
equipped  for  effecting  the  deposits  and  replacements  which  we  later 
discover  in  its  path. 

This  outline  of  the  ascension  theory  of  subterranean  aqueous 
deposition  may  be  variously  modified  ;  but  in  the  absence  of  inclined 
porous  strata  we  cannot  dispense  with  dynamic  cracks,  and  the  chief 
deposits,  whether  vein,  impregnation,  or  replacement,  must  take  place 
along  or  in  the  upper  portions  ( f  these  and  be  essentially  contempo- 
raneous with  a  period  of  seismic  or  orogenic  activity.  Hence,  in  a 
region  of  marked  and  long  continued  freedom  from  such  activities, 
like  New  England,  subterranean  deposits  are  probably  not  forming 
on  a  large  scale  at  the  present  time,  and  those  formed  in  early  ages 
have  been  in  large  part  removed  by  subsequent  erosion,  for  a  vein 
is  not  so  bottomless  as  a  dike. 

The  deep  and  localized  aqueous  circulation  represented  by  the 
Sea  Mills  involves,  of  course,  a  cooling  of  the  earth  by  convection, 
as  suggested  by  Lane,^  and  especially  must  the  isogeotherms  be  de- 
pressed in  the  vicinity  of  the  descending  currents.  It  is  a  natural 
suggestion,  therefore,  that  some  of  the  observed  irregularities  in  the 
vertical  temperature  gradients  of  the  earth's  crust  may  find  an  ex- 
planation here.  Such  an  exceptionally  low  gradient  as  that  recently 
noted  by  Agassiz^  to  a  depth  of  4,800  feet  in  the  Calumet  and 
Hecla  Mine  would  thus  indicate  a  strong  and  long  continued  down- 
flow  of  water,^  while  the  abnormally  high  gradient  of  the  Comstock 
Lode  has  already  been  attributed  by  Becker"*  to  the  powerful  and 
long  continued  ascending  current  which  has  given  us  this  notable 
ore  deposit. 


'  American  Geologist,  17,  100. 

'American  Journal  of   Science,  50  (1895),  503. 

'  Shaler  has  recently  suggested  that  this  abnormally  low  gradient  may  be  based  upon 
an  erroneous  determination  of  the  surface  temperature. 

^  Monographs  United  States  Geological  Survey,  3. 
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MELTING  POINTS   OF  ALUMINUM,  SILVER,  GOLD, 

COPPER,  AND  PLATINUM} 

By  S.  W.  nOLMAN,  with  R.  R.  LAWRENCE  and  L.  BARR. 

The  following  melting  points  are  offered  as  provisional  only,  but 
with  the  belief  that  they  are  more  reliable  than  previous  data.  The 
absolute  values  depend  in  part  upon  the  assumption  of  1,072°  C.  as 
the  melting  point  of  pure  gold,  the  recent  determination  of  Holborn 
and  Wien  at  the  Reichsanstalt.  Should  that  datum,  however,  be 
shown  to  require  revision,  the  validity  of  the  present  measurements 
would  not  be  impaired,  but  new  values  of  the  melting  points  could 
be  readily  computed  from  them  which  should  be  consistent  with  the 
better  value  for  srold. 


A  I.. 

Ac. 

Au. 

Cu. 

Pt. 

660^ 

970^ 

1,072°  C. 
assumed 

1,095= 

1,760° 

T/tc  pure  metals  used  were  of  a  high  degree  of  fineness,  except, 
unfortunately,  the  platinum. 

yy/r^^^A/ contained  less  than  0.0 1  per  cent,  total  impurities,  these 
being,  if  any,  probably  minute  traces  of  silver  and  platinum.  It  was 
obtained  as  part  of  a  specially  prepared  lot  from  the  United  States 
Assay  Office  in  New  York,  through  the  courtesy  of  Professor  H.  G. 
Torrey,  upon  whose  authority  the  above  statement  is  made.  The 
purity  was  at  least  as  great  as  the  best  **  proof  *'  metal  used  at  the 
United  States  or  London  mints. 

The  silver  was  from  the  same  source  and  equally  pure. 

The  aluminum  was  manufactured  and  given  by  the  Pittsburg 
Reduction  Company,  of   Pittsburg,   Pennsylvania,  and  was  stated  by 


*  I'rcsented  at  a  meeting  of  the  American  Academy  of  Arts  and  Sciences,  November 
13,  1895. 
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Mr.  Alfred  E.  Hunt,  president  of  the  company,  to  contain  but  0.07 
per  cent,  of  impurity,  consisting  entirely  of  silicon. 

T/ie  platinum  was  the  ordinary  platinum  wire  supplied  by  Car- 
pentier,  of  Paris,  with  his  LeChatelier  thermoelectric  pyrometers.  It 
presumably  contained  \  per  cent,  or  more  of  impurity. 

T/ie  copper  was  elect rolytically  produced,  and  was  from  the  Lake 
Superior  region.  It  was  kindly  given  by  Mr.  Maurice  B.  Patch,  of 
the  Buffalo  Smelting  Company,  I^uffalo,  New  York,  who  stated  that 
it  showed  by  analysis  99.99-j-  per  cent,  of  Cu,  and  contained  no  Ag, 
As,  or  S,  and  only  0.0002  per  cent,  of  Ke. 

The  Less  Pure  Metals.  —  Partly  for  the  purpose  of  testing  the 
effect  of  impurities  other  samples  of  gold  and  copper  were  employed, 
with  the  results  stated  later.     These  were : 

Dentists  Gold.  —  This  was  a  gold  foil  employed  by  dentists,  pur- 
chased as  being  of  good  quality. 

Ingot  Copper. — This  was  also  from  Mr.  Patch,  of  the  Buffalo 
Smelting  Company,  who  gave  its  analysis  as : 

Cu W.S25       S 0.022 

Ag 0.032      Kc 0.003 

As 0.003      O       0.116 


100.001 


This  was  the  company's  **  regular  run  "  of  copper. 

Commereial  Electrolytic  Copper.  —  A  sample  of  commercial  elec- 
trolytic rolled  sheet  copper,  furnished  by  a  friend,  and  not  assumed 
to  be  of  unusual  purity.     It  was  probably  Montana  copper. 

Commercial  Hard-Drazun  Copper  Wire.  —  This  was  from  a  lot  i)ur- 
chased  by  the  Institute  for  electrical  testing  purposes,  which  showed 
an  electrical  conductivity  of  about  0.1440  international  ohms  per 
meter-gramme,   or  98.3   per  cent,    referred   to   Matthiessen's   copper. 

Met/tod  and  Apparatus,  —  The  method  consists  in  measuring  the 
thermal  electro-motive  force  of  a  couple  composed  of  one  wire  of  plat- 
inum and  the  other  of  a  10  per  cent,  rhodo-platinum  alloy.  One 
junction  is  immersed  in  the  melting  or  solidifying  metal,  and  the 
other  surrounded   by  ice.      The  wire  was  that  furnished  by  Carpen- 
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tier,  of  Paris  (through  Queen  &  Company,  of  Philadelphia),  with  the 
LeChatelicr  pyrometer. 

The  emf.  was  measured  in  microvolts  (international)  by  the  Pog- 
gendorff  null  method,  modified  for  rapid  and  convenient  working. 
The  disposition  of  apparatus  is  shown  in  Figure  i.  ^  is  a  batterj' 
of  sufficiently  steady  emf.  (two  Samson-Leclanch6  cells  in  parallel 
were  entirely  satisfactory).  In  direct  circuit  with  this  are  two  water 
rheostats,  JF,  in  series ;  an  ammeter.  A,  which  was  a  Weston  volt- 
meter (No.  395)  with  only  the  calibrating  coil  in  use;  and  a  **man- 
ganene  *'  wire  resistance,  a,  by  r,  dy  divided  into  sections,  each  of  accu- 
rately known  resistance.  T  is 
the  thermo-couple,  connected 
through  a  sensitive  galvanom- 
eter, G,  and  key  to  any  desired 
sections  of  the  coil  a,  b,  c,  d. 
The  water  rheostats  were  of 
about  lOO  ohms  and  8  ohms, 
respectively,  and  the  vertical 
motion  of  their  plungers  thus 
served  to  give  a  coarse  and 
fine  adjustment  to  the  resist- 
ance in  the  circuit.  The  cur- 
rent could  thus  be  promptly 
and  closely  adjusted.  The  volt- 
meter was  one  of  the  type  hav- 
ing a  **  calibrating  coil,**  that  is,  one  having  a  connection  by  means 
of  which  the  usual  high  resistance  series  coil  could  be  cut  out, 
leaving  its  resistance  about  117  ohms.  Any  of  the  Weston 
voltmeters  with  a  special  connection  made  to  effect  that  result 
would  answer  equally  well.  The  voltmeter  was  preferred  to  a 
mil-ammeter,  as  probably  more  reliable.  The  instrument  was  care- 
fully and  repeatedly  calibrated  throughout  its  scale  by  an  appli- 
action  of  the  Poggendorff  method,  measuring  by  the  Clark  cell  the 
drop  of  potential  in  a  known  resistance  through  which  a  current 
was  passing  in  series  with  the  ammeter,  and  at  the  same  instant 
reading  the  ammeter.  The  calibrations  at  different  times  checked 
at  the  same  point  with  an  average  deviation  of  only  a  few  hun- 
dredths of  one  per  cent.  A  test  for  temperature  error  showed  a 
change    of   but   o.i   per   cent,  for  a   change  of  15°  C.  ;    so   that,   as 


Fig.  I. 
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thermal  emf.  of  the  circuit,  viz.,  that  which  is  the  object  of  direct 
measurement.     The  first,  called  the  exponential  equation,  is 

2J6'  =  niT^  —  /8,  where  yS  =  mr^  =  m{27iY. 
The  second  expression,  called  the  logarithmic  equation,  is 

2^^  =  vtt^y     or  log  ^^e  =  ;/  log  /  +  log  ;;/. 

Both  formulae  have  been  applied  to  the  data  of  the  present  in- 
vestigation given  in  Table  I,  with  results  shown  below.  The  Ave- 
narius  formula  has  also  been  applied  for  purposes  of  comparison. 

To  evaluate  the  constants  ;//  and  ;/  of  the  exponential  equation 
(for  method  consult  the  paper  referred  to)  it  is  necessary  to  have 
values  of  2V  at  three  known  temperatures.  Of  these,  however,  one 
may  be  2V  =  o,  at  t  ^  273°,  /.  e,y  with  both  junctions  in  ice.  It 
therefore  remains  to  fix  upon  two  other  temperatures  between  which 
to  interpolate,  or,  in  other  words,  two  other  temperatures  which  shall 
be  assumed  as  known.  In  looking  over  the  ground  it  seemed  that 
the  boiling  point  of  sulphur  being  so  high  and  so  accurately  deter- 
mined by  Callcndar  and  Griffiths  ^ 

444°- 5  3  +  0.082  {H  —  760) 

was  preeminently  one  of  these  points.  The  other  must  be  much 
higher,  and  the  melting  point  of  pure  gold  seemed  to  be  almost,  if 
not  quite,  the  only  one  upon  which  reliance  could  be  placed. 

Apart  from  freedom  from  oxidation  and  its  conveniently  high 
point  of  fusion,  gold  seemed  the  more  suitable,  because  its  melting 
point  had  recently  been  so  carefully  measured  by  Holborn  and  Wien, 
and  because  the  metal  could  be  obtained  of  the  necessary  purity. 
Add  to  these  considerations  the  fact  that  its  melting  point  in  a  state 
of  at  least  fairly  high  purity  has  been  measured  by  more  experimenters 
than  that  of  any  other  high  melting  metal,  so  that  it  serves  as  an  ex- 
cellent connecting  link  between  their  work,  and  we  have  claims  which 
no  other  substances  can  at  present  offer.  The  fusion  point  of  gold 
was  therefore  chosen  as  the  second  reference  or  calibration  tempera- 
ture. As  to  the  figure  to  be  assumed  as  the  melting  point  of  gold 
there  is  room  for  difference  of  opinion.     The  claims  of  the  work  of 


'Callendar  and  Griffiths:  Phil.  Transac,  x8a,  119,  157  (1891). 


Melting  Points  of  Aluminum,  Silver,  Gold,  Copper,  and  Platinum,   33 

Holbom  and  Wien,  supported  to  some  extent  by  considerations  ad- 
vanced by  Barus  ^  lend  much  weight  to  the  conclusion  that  Violle's 
value  of  1,035°  's  considerably  too  low.  Granting  this,  and  in  the  ab- 
sence of  sufficient  basis  for  the  assignment  of  weights  to  the  work  of 
divers  other  investigators,  the  simplest  and  best  step  seemed  to  be  to 
adopt  provisionally,  without  modification,  Holborn  and  Wien's  value, 

1,072°. 

These  two  points  settled  upon,  the  constants  m  and  n  could  be  com- 
puted as  elsewhere  described  and  the  equation  transposed  to  deduce 

other  values  of  /  from  observed  values  of  2  V.  Representing  w/r*  by 
P,  a  constant,  the  equation  for  the  temperature  as  a  function  of  S'^ 
takes  the  form, 

t  =  "  -  ^^  - 273, 

\  VI 

which  is,  of  course,  easily  solved  by  logarithms. 

The  data  given  in  Table  I  yield  the  values  ;;/  =  0.3901,  n  = 
1.488,  yS  =  1.64s,  i^  international  microvolts  and  degrees  centigrade, 
so  that 


2V  =  0.3901  t1«8  —  1,645,  or  /  =  1.488,^-'''  +  ^'^^S  _ 

—     \      0.3901  '^' 

From  these  the  temperatures  of  Column  6  have  been  computed. 

The  constants  of  the  logarithmic  formula  have  been  computed 
from  the  same  data  for  sulphur  and  gold,  the  method  being  sufficiently 
obvious.     The  equation  becomes, 

5:V=  2.49655  A25«3. 

The  corresponding  melting  and  boiling  points  are  given  in  Table  I, 
Column  7. 

Substitution  of  the  same  data  in  the  Avenarius  equation  yields, 

^ie  =  {U  —  0  59.7335  +  0.00  484  49  {/,  +  t^)l 


'  Bsurus :  American  Journal  of  Science,  48,  336. 
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it  gives  of  the  sign  and  order  of  magnitude  of  the  error  (about  — ^4°) 
which  would  be  introduced  by  the  use  of  such  gold  in  the  calibra- 
tion of  the  LeChatelier  pyrometer^  or  in  similar  ways.  The  melting 
point  was  found  to  be   1,068°. 

TABLK   I.— MELTING   POINTS. 


Dmu. 


Subtunce. 


Microvolt*. 


3 > 

H,0 

4—10 

HsO 

3—15 

CioHj 

3-23 

CioHg 

3—25 

CioHg 

3 > 

S 

3—22 

S 

3—29 

S 

4—24 

Cu 

4—29 

Au 

4-29 

Ag 

5—2,3 

Pt 

5—3 

Al 

Tbmpbkaturbs. 


885.8 
890.4 
88&1 

2,213 

2.224 

2,216 


2,218 

5,287 
5,289 
5,287 
5,288 

16,463 
16,002 
14,093 
30,313 
8.638 


Assumed  as 
correct. 


99^.6+ 
100.57 

[1001] 
218.3 
218.9 
218.2 

[218.5] 

444.7 

445.2 

444.5 

[444.8] 


[1.072] 


From 

Avenarius 

equation. 


a. 


87^4 


2<16.6 


1,095 

975 
1,695 
665.5 


From 

exponential 

equation. 


e. 


91^7 


211.4 


1,095 

972 
1,735 
662.5 


From 

logarithmic 

equation. 


107°.3 


222.4 


1,096.5 

%9 
1,783 
656.2 


2 


99°.  5 


216.9 


Provi- 
sional 
values. 


1,095.5  1,095° 
[1,072] 

970.5  970 
1,759         1,760 

659.4         660 


Avenarius,      2^V  =  (/a  —  t^)  {9-7335  +  0.00  484  49  {t^  +  ti)\ 
"Exponential,  2>  =  0.3901  r^-^  —  1,645. 
.Logarithmic,  2V  =  2.49655  i^^^. 


*  Holman :    Calibration  of    the   LeChatelier    Thermo-electric    Pyrometer,  Technology 
Quarterly,  1895. 


( 


36 


S.    W.  Holmauy  wii/i  R.  R.  Lawrence  and  L.  Barr, 


The  four  coppers  yielded  the  appended  results  : 


TABLE  II. 


2^- 
Microvolts. 

Melting  points. 
c. 

Purity  of  mfstal. 

Description. 

16,463 

1,095°.0 

99.99  + 

Electrolytic.  Probably  Lake  Superior  Copper, 
Buffalo   Smelting   Company. 

16,448 

1,094°.3 

99.83 

Ordinary  Ingot.    Same  source. 

16,456 

i.cm'^.? 

Unknown. 

Electrolytic.    Probably  from  Montana. 

16,446 

1.094^.2 

Unknown. 

Commercial  Hard- Drawn  Wire  from  Washburn 
&  Mocn  Company.  Sp.  Elect.  Conductivity 
(referred  to  Matthiessen  value),  983  per  cent. 

The  concordance  of  these  results  on  various  coppers,  together  with 
the  completely  satisfactory  behavior  of  the  metal  in  fusion  and  the 
ease  and  cheapness  of  obtaining  the  metal  of  a  very  high  grade  of 
fineness,  suggest  the  decided  availability  of  copper  in  a  direct  study 
of  high  temperatures  or  melting  points  by  the  gas  thermometer.  A 
large  mass  of  the  metal  could  be  employed  and  a  constant  and  uni- 
form temperature  for  a  protracted  period  thus  secured  for  the  bulb 
of  the  gas  thermometer,  or  for  other  apparatus  immersed  in  the  molten 
or  solidifying  material.  There  are  unfortunately  too  few  substances 
which  fulfill  even  these  requirements.  An  added  merit  lies  in  the 
nearness  to  the  gold  melting  point,  enabling  the  two  to  be  satisfac- 
torily connected  by  some  means  of  relative  measurement. 

It  also  appears  that  the  use  of  good  commercial  copper  would 
introduce  sensibly  less  error  (3°  less)  into  the  calibration  of  the  Le- 
Chatelier  pyrometer  than  the  use  of  the  "dentists*  gold**  above 
tested,  which  is  as  good  metal  as  would  readily  be  obtained  in  the 
market  by  most  observers. 

Reliability  of  the  Results.  —  The  points  involved  are  : 

Instrumental  errors. 

Purity  of  the  metal. 

Was  the  observed  point  the  real  melting  point } 

Validity  of  the  interpolation  equation. 

Error  in  the  assumed  melting  point  of  gold  and  boiling  point  of 
sulphur. 
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TABLE   III. 


Date. 

Microvolts. 

Computed  temperature  of 
sulphur. 

^e  reduced  to  445°. 

March 

March  22 

March  29 

• 

5,287 
5,289 

5,287 

444^.73 
445°.  18 
444°.53 

5.290 
5,287 
5,293 

Between  these  observations  a  considerable  length  of  the  wires  was 
necessarily  clipped  off.  Reduced  to  a  common  temperature  of  445^.0, 
the  maximum  difference  is  but  6  microvolts  in  5,290,  or  o.i  i  per  cent., 
while  the  average  deviation  of  a  single  observation  is  but  0.02  micro- 
volts, or  0.04  per  cent.,  and  of  the  mean  but  0.02/^3  =  0.012  micro- 
volts, or  0.024  per  cent.  At  higher  temperatures  the  discrepancy  was 
even  smaller. 

TABLE   IV. 


Authority. 


Date. 


Method. 


Mbtals. 


Al. 


Ag. 


Au. 


Cu. 


Pt. 


Lawrence  and  Barr 


Violle     . 
Ledebur 


LeChatelicr 


Callendar 


Erhard  and  Schertel 
Barus.     By  log  equation  ' 
Barus.     By  Equation  3 
Hollxorn  and  Wien  .     . 


1895 
1879 
1884 


18^ 


1892 


Th-cl. 

Sp.  Ht. 

Sp.  Ht. 

Th-el. 


Th^l. 


Th^l. 


660° 


635 


641 


970° 

954 

960 

•  •  ■ 

[945] 
954 
985 
986 
968 


1,072° 
1,035 

[1.035] 
1,037 
1,075 
1,090 
1,091 
1,072 


1,095° 

1,054 

1,100 


1,095 
1,096 
1,082 


1,760° 
1.775 


1,783 
1,757 


Mean  of  independent  absolute  measurements, 
/.  e-t  excluding  L.  and  B.,  LeC,  C.  .     .     . 


641 


964 


1,068 


1,083 


1,779 


N.  B.  —  Values  in  brackets  [    ]  are  those  assumed  by  the  observers,  and  upon  which 
their  other  values  depend  to  a  greater  or  less  extent. 


*  See  discussion  by  Holman,  this  journal,  Vol.  viii,  353. 
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The  validity  of  the  interpolation  forniulx  has  been  already  dis- 
cussed. A  statement  of  the  extreme  error  which  may  have  been  intro- 
duced  into  the  results  by  this  source  should,  however,  be  added.  This 
is  believed  to  be  for  aluminum  less  than  ±  2°,  for  silver  less  than  ±  2°, 
for  copper  less  than  o°.S,  for  platinum  less  than  10°. 

Comparisons  with  the  temperatures  computed  by  the  Avenarius 
equation  show  errors  by  the  latter  to  be  about  1.5  times  as  great  for 
water  and  naphthalin,  and  of  the  same  signs.  It  is,  therefore,  much 
less  reliable,  especially  for  the  platinum  temperature,  and  no  weight  is 
attached  to  its  results. 

Melting  Points  by  Various  Authorities, — A  collection  of  these  is 
given  in  Table  IV.  Except  in  the  case  of  the  Barus  data,  the  results 
are  set  down  directly  as  given  by  their  authors.  A  further  discussion 
of  them  with  reference  to  purity  of  metals  used  and  the  characteristic 
errors  of  the  methods  employed  would  doubtless  prove  instructive,  and 
might  partly  remove  or  account  for  some  of  the  apparent  discrep- 
ancies.     This  task  may  perhaps  be  undertaken  later. 

Rogers  Laboratory  of  Tiiysics,  M.  I.  T., 
Boston,  October,  iSgtS' 
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REDUCTION   OF  NITRATES  BY  BACTERIA    AND    CON- 

.    SEQUENT  LOSS   OF  NITROGEN 

By  ELLEN   H.   RICHARDS,  A.M.,  and  GEORGE   WILLIAM   ROLFE,   A.M. 

Received  February  28,  1896. 

In  the  course  of  experiments  upon  the  cycle  of  nitrogen  in  aqueous 
solution  under  different  conditions,  it  was  observed  that  in  some  cases 
a  disappearance  of  nitrogen  occurred  for  which  no  theory  seemed  to 
satisfactorily  account.  At  length  a  series  of  tests  was  made  by  sev- 
eral consecutive  classes  of  students,  which,  although  liable  to  irregu- 
larities, as  are  all  results  obtained  by  inexperienced  workers,  were  so 
far  conclusive  as  to  encourage  further  investigation,  and  two  years 
later  one  of  the  instructors  carried  out  a  number  of  confirmatory 
tests,  the  results  of  which  are  given  combined  with  the  rest.  It 
remained  for  us  to  complete  the  investigation  and  establish  the  point 
in  question. 

It  has  been  repeatedly  proved  *  that  the  cycle  of  nitrogen  in  nat- 
ural surface  waters  is  (i)  albuminoid  ammonia,  (2)  free  ammonia, 
(3)  nitrites,  (4)  nitrates,  (5)  again,  albuminoid  ammonia;  but  when 
feeding  nitrates  together  with  organic  material  to  hasten  growth  it  was 
observed  that  nitrites  were  the  first  and  only  products,  and  that  they 
soon  disappeared.  The  problem  was.  What  became  of  the  nitrogen, 
and  under  what  conditions  did  this  disappearance  take  place  .^ 

The  nitrates  obviously  were  not  reduced  to  ammonia,  although  we 
know  that  by  many  chemical  and  electrical  processes  this  change  is 
quite  possible.  Neither  was  this  loss  of  nitrogen  from  the  solution 
an  apparent  one  only,  as  was  first  suggested,  due  to  defects  in  our 
analytical  methods.  The  results  of  the  Kjeldahl  process  did  not  in- 
clude the  missing  nitrogen  even  in  presence  of  a  zinc-copper  couple. 
The  general  thought,  moreover,  seems  to  be  against  the  probability 
of  such  loss. 

The  data  herein  tabulated  represent  investigations  made  with 
twenty-five  or  more  solutions,  the  majority  of  which  were  so  pre- 
pared as  to  typify  the  condition  of  a  water  polluted  with  decaying 
organic  matter  and  at   the  same  time  containing  nitrates.      Such  a 


'  Among  others,  see  the  numerous  papers  on  the  purification  of  waters  in  the  Reports 
of  the  State  Board  of  Health  of  Massachusetts. 
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monia  show  a  general  conformity  to  the  laws  governing  the  cycle  of 
nitrogen  changes  already  referred  to  in  this  paper  and  fully  discussed 
in  a  previous  publication.^  Stages  (5)  and  (6)  can  be  interpreted  in 
the  same  way. 

This  conformity  is  also  manifest  in  the  tests  made  of  solutions 
made  with  milk  without  the  addition  of  nitrate.  Moreover,  the  fact 
is  at  once  established  that  the  nitrate  rapidly  changes  to  nitrite,  and 
almost  as  rapidly  disappears.  We  do  not,  however,  find  practically 
any  of  this  nitrogen  of  the  nitrate  revealed  to  us  by  our  tests  for  am- 
monia. In  fact,  it  not  only  does  not  conform  to  the  laws  of  change 
observed  in  surface  waters,  but,  as  far  as  our  examination  of  the 
solution  goes,  it  has  quite  disappeared.  At  the  same  time  the 
nitrogen  from  the  milk  proceeds  in  the  regular  cycle,  at  any  period 
of  which  the  various  tests  give  a  sum  total  of  nitrogen  approximating 
closely  to  that  obtained  from  the  original  fresh  milk  solution.  Tests 
made  many  months  later  confirmed  the  result. 

The  following  tabulated  data  from  tests  on  milk  solutions  made 
as  described  —  one  with  nitrate,  the  other  without  —  illustrate  these 
nitrogen  transformations  clearly : 

(  Milk,  8  cc. 
^-    1  City  Water,  8  liters. 


Date. 


Age. 
Days. 


Ammonia. 


Free. 


Albuminoid. 


Total. 


Nitrogen 
as 

Nitrites. 


Nitrogen. 

as 
Nitrates. 


1891. 
March  13 

March  16 

March  17  , 

March  W 

March  23 

March  30 

April  6 

April  13    , 

April  20    . 


3 

4 
5 

10 
17 
24 
31 
38 


.001* 

.002 

.015 

•  •  •  • 

.201 
.275 
.360 
.332 
.200 


240 
140 


000 
000 
000 
000 
000 
000 
000 
000 
000 


.004 

•  •  •  ■ 
.007 
.035 
.010 
.020 
« •  •  • 
.032 
.008 


'"Nitrification  and  the  Nitrifying  Organism,'*  by  E.  H.  Richards  and  E.  O.  Jordan, 
Exp.  Investigations  by  the  Mass.  Board  of  Health  upon  Purification  of  Sewage.  Part  II, 
1890,  p.  872. 

'  All  figures  express  parts  per  100,000  unless  otherwise  specified. 

'  On  this  date  a  little  soda  was  added  to  the  solution,  which  was  quite  acid. 
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Green  Growth. 


(  Milk,  8  cc. 
B.    KKNOs,  2.50.    (X  =  4. 
(  City  Water,  8  liters. 


33  parts  per  100,000.) 


Date. 


Age. 
Pay*. 


1891. 
March  13 

March  16 

March  17 

March  18 

March  19 

March  20 

March  23 

March  30 

April  6 

April  13 

AprU20 

April  25 

April  29 
May  2  . 
May  5  . 
May  13 
Jane  22 


Ammonia. 


Free. 


Albuminoid. 


Total. 


i 

000 

3 

.079 

4 

.159 

5 

.216 

6 

.330 

7 

.386 

10 

.429 

17 

.555 

24 

.680 

31 

.320 

3S 

.018 

42 

•  •  «  • 

Green  Growth. 


47 

.009 

1 

50 

.005 

53 

1 
•  • . . 

61 

■  •  •  • 

101 

.... 

.251 


Nitrogen 
at 

Nitritet. 


00!) 

2.280 
30K) 
1.600 

•  •  •  ■ 

.420 
.050 
.009 
.100 
.444 

•  •  •  • 

.540 


Nitrogen 
as 

Nitrates. 


.500 

.333 
.286      ! 
.0002 


1.500 


C60 
070 


090 


080 


075 
020 

•  •  • 

012 


Green  growth  was  first  noticed  in  both  solutions  on  April  27. 
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In  case  of  Solution  A,  where  no  nitrates  were  added,  we  can 
find  no  evidence  that  nitrites  are  formed  from  the  decomposition 
and  oxidation  of  the  organic  matter.  Solution  B,  containing  nitrates 
originally,  on  the  other  hand,  shows  two  remarkable  facts  —  practi- 
cally the  complete  reduction  of  this  nitrate  to  nitrite  in  less  than 
four  days,  and  the  almost  complete  disappearance  of  the  nitrite  a 
few  days  later.  After  the  green  growth  appears  the  nitrogen  passes 
through  the  normal  life-cycle,  the  ammonia  figures  declining  as  those 
of  the  oxidized  nitrogen  increase. 

The  tests  on  Solutions  3  and  4,  given  below,  in  general  show 
similar  results.  It  will  be  noted  that  the  reduction  progresses  equally 
in  both  solutions,  but  that  as  soon  as  the  smaller  store  of  nitrate  in 
Solution  4  is  exhausted  the  resulting  nitrites  totally  disappear  in  about 
six  hours.  Unfortunately,  no  tests  were  made  on  Solution  3  during 
the  critical  fifth  and  sixth  days,  so  that  the  time  of  complete  re- 
duction is  not  exactly  established.  It  will  be  seen,  however,  that  the 
evidence  is  strong  that  it  occurred  on  the  afternoon  of  May  10.  The 
relatively  slower  reduction  of  these  solutions  may  be  due  to  their 
frequent  disturbance  during  the  sampling  for  tests.  The  time  of 
reduction,  as  we  have  said,  is  variable.  Solutions  started  in  March 
and  April  apparently  show  a  greater  rapidity  of  decomposition  than 
those  of  June  and  July. 


f  Milk,  8  cc. 
J.    -JKNOs.    (N  =4.33 
(  City  Water,  8  liters. 


parts  per  100,000.) 


Date. 


Age. 
Days. 

Ammonia. 

Nitrogen 
as 

Nitrites. 

Free. 

Albuminoid. 

ToUl. 

Nitit^en 
as 

Nitrates. 


1891. 
May  4,  a.m.   . 

Mav  4,  4  P.M. 

May  6,  a.m.    . 

Mav  7,  A.M.    . 

Mav  7.  4  P.M. 

May  8,  a.m.   . 

May  11      .     . 

May  20      .     . 


•    •                                   1 

044 

,270 

2 

•  •  •             < 
.068 

•  •  • 

.248 

3 

■  •  •  ■             ■ 

1  •  •  • 

•  •                          < 

4 

1  •  •  •             ) 
1  •  •  •             4 

1  •  •  • 

>  •  •  • 

7 

.112 

.294 

16 

.384 

.169 

710 


000 

.003 

.400 

1.080 

2.000 

2.182 

.900 

000 


4.200 


.080 

B    •    •    • 

.050 
.012 
.003 
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Green 

Growth. 

May  28 

24 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.003 

.002 

June  4 

31 

•  •  ■  • 

•  ■  •  • 

•  •  •  • 

.003 

.002 

June  22 

49 

.002 

■  •  •  • 

.830 

.001 

000 

1892. 

February  27  ...  . 

•  ■ 

.010 

.340 

.744 

000 

•  •  •  • 

1893. 

January  2   .  .  .  . 

a  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.150 

1 


MUk,  8  cc. 

KNO3.    (N  =1.00  parts  per  ioo,ocx).) 

City  Water,  8  liters. 


Date. 


Age. 
Days. 


Ammonia. 


1891. 
May  4,  A.M.  . 

May  6,  4  P.M. 

May  7,  a.m.  . 

May  7,  p.m.  . 

May  8  .     .  . 

May  9  .     .  . 

May  11      .  . 

May  20      .  . 

May  28 

June  4 

June  22 
1892 
June  29 


Free. 


Albuminoid. 


Total. 


Green  Growth. 


Nitrosen 

as 
Nitrites. 


•  • 

.032 

.252 

.605 

2 

.064 

.294 

3 

•  •  •  • 

•  •  •  • 

■  • 

4 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

5 

.(«0 

•  •  •  • 

7 

.024 

.300 

.710 

16 

.240 

.202 

■  •  •  • 

000 

.400 

1.080 

000 
.0002 

.0001 
.0001 


Nitrogen 

as 
Nitrates. 


1.000 


.(H6 

•  •  •  • 

000 

•  •  •  • 

000 
000 


24 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.0001 

000 

31 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.0003 

000 

49 

•  •  •  • 

•  •  •  • 

•  •  •  • 

000 

.002 

•  • 

•  •  •  • 

•  •  •  • 

.550 

•  •  •  • 

Solution  No.  3  continued  to  support  a  vigorous  growth  of  algae 
for  over  three  years.  On  February  6,  1894,  a  Kjeldahl  test  gave 
.640   parts   of    ammonia    in    ioo,cx50.       Microscopical    investigations 
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showed  that  organisms  were   present  in  the  following  numbers  per 
cubic  centimeter  of  solution  : 


Cosinariuvif         44,000. 
Raphidium,  3 , 1 00. 

ScenedesmuSy       23,000. 


ProtococciiSy  42 ,  000. 

Masses  of  Zoogloea,     2,800. 
Infusoria  (Monas),  250. 


Taking  as  a  commonly  accepted  fact  that  these  nitrogen  trans- 
formations which  we  have  discussed  are  the  result  of  life  proc- 
esses, presumably  those  of  bacteria,  several  questions  at  once  sug- 
gest themselves :  Can  these  organisms  live  on  nitrates  alone }  If 
not,  were  we  to  increase  the  organic  matter  present,  as  the  milk, 
could  we  make  their  forces  more  energetic }  Would  these  organisms 
thrive  on  all  kinds  of  nitrogenous  organic  matter  equally  well  as  on 
milk  ?  The  following  data  were  therefore  collected.  Solution  7, 
containing  no  organic  matter  other  than  that  naturally  present  in  the 
water,  shows  that  reduction  takes  place  very  slowly  and  incompletely. 
Although  the  organisms  were  present,  evidently  some  necessary  food, 
such  as  that  in  milk,  was  lacking.  The  solution  remained  clear  and 
free  from  odor  during  the  month  or  more  that  this  investigation  was 
carried  on. 

JKNGs.     (N  =  4.00  parts  per  100,000.) 
City  Water,  2  liters. 


Date. 


Age  —  Day*. 


Nitrogen  as  Nitrites. 


Nitrogen  as  Nitrates. 


1891. 
May  13 

Mav  15 

May  18 

May  20 

May  28 

June  22 


2 
3 

7 
15 
40 


000 

000 

.000+ 

.0006 

.0025 


4.000 


4.000 
2.000 


Solutions  5  and  6  show  the  effect  of  increase  of  organic  matter 
by  use  of  more  milk. 

There  is  manifestly  more  rapidity  of  reduction ;  at  the  same  time 
this  increase  of  energy  is  not  proportional  to  the  food  supply,  show- 
ing that,  while  the  latter  has  a  marked  influence,  there  are  other 
limiting  conditions. 
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Date. 


1S91. 

May  4  .     .  . 

May  6,  a.m.  . 

May  6,  P.M.  . 

May  8,  A.M.  . 

May  8.  P.M.  . 

May  9,  a.m.  . 

May  11      .  . 


May  28 
June  4  . 


Milk,  6  cc. 

KXOj.     (X  =  4.00  parts  per  ioo,cxx).) 

City  Water,  2  liters. 


Age. 
Days. 


Ammonia. 


Free. 


Albuminoid.         Total. 


Kitrogea 
as 

Nitrites. 


Nitrogen 
as 

Nitrates. 


•  « 


oso 


080 


.526 
2.1S2 
.(X)03 
.0fX)2 

(KX) 


•  •  •   ■ 


1.00 


•   •    •    • 


000 


aio 


Green  Growth. 


23 
31 


•  •  •  • 


.333 
.364 


.005 
.010 


(  Milk,  10  cc. 
6.    ■;  KNOj.     (N  =  4.00  parts  per  icx},ooo.) 
(  City  \Vr.ter,  2  liters. 


Ammonia. 


Total. 


Nitrogen 
as 

Nitrites. 


Nitrogen 
as 

Nitrates. 


.741 

•  ■  •  • 

3.243 
000 
000 

•  •  •  • 

000 


.073 


000 


000 


Green  (Jrowth. 


000 


0(K) 
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Green  growth  was  first  noticed  in  No.  5  on  May  22,  in  No.  6  on 
May  26. 

Aeration  of  milk  solutions  by  means  of  aspirators  produced  no 
difference  in  their  behavior  other  than  a  slight  retardation  of  the  re- 
ducing action.  Evidently  the  air  could  not  be  retained  long  enough 
by  the  solution  to  be  of  any  use  to  the  organisms.  This  is  con- 
formable with  the  results  obtained  by  Dr.  Drown  on  the  aeration  of 
natural  waters.^ 


II. 


Milk,  8  cc 

KNOs  Solution,  80  cc. 

City  Water,  8  liters. 


(N  =  4.00  parts  per  100,000.) 


Date 

Age. 
Days. 

Ammonia. 

Nitrogen 
as 

Nitrites. 

Nitrogen 

Free.        .  Albuminoid. 

Total. 

as 
Nitrates. 

1891. 
June  23 

June  24,  12  M.    .     .     . 

June  24,  5  p.m.    .     .     . 

June  25 

June  30 

•  • 

1 

•  • 

2 

7 

.  •  •  • 
■  •  •  ■ 
•  •  •  • 
.112 
.236 

.355 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

.500 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  «   • 

000 

.007 

.022 

2.272 

4.000 

4.000 
1.000 

II  A.     Same  solution  as  ii,  but  aerated  continuously. 


T^     A* 

Age. 
Days. 

Ammonia. 

Nitrogen 
as 

Nitrites. 

Nitrogen 

Date. 

Free.         Albuminoid. 

Toul. 

as 

Nitrates. 

June  23 

June  24 

June  25 

June  30 

•    • 

1 
2 
7 

•  •   •  • 

•  •  •  • 

•  •  •  • 

.258 

.355 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

.500 

•  •  •  • 

•  • « • 

•  •  •  • 

000 
.0025 
1.600 
4.000 

4.000 
2.000 

Another  solution  was  made  up  in  a  precisely  similar  way  as  No. 
II,  except  that  a  portion  of  Solution  No.  3  was  used  in  its  prepara- 
tion, with  the  intention  of  seeding  it  with  organisms  already  developed. 


I  (• 


Effect  of  the  Aeration  of  Natural  Waters,"  by  Dr.  Thomas  M.  Drown,  in  the  Twenty- 
Third  Annual  Report  of  the  State  Board  of  Health  of  Massachusetts.  Also,  page  479  of 
the  Twenty-Sixth  Report  of  the  same  Board  in  an  article  on  "Filtration  of  Sewage,**  by 
George  W.  Fuller. 
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12. 


Milk,  8  cc. 

KNO3  Solution,  80  cc. 
City  Water,  7.5  liters. 
Solution  3,  .5  liter. 


(N  =  4.00  parts  per  100,000.) 


12  A.     Same  solution,  except  aerated  continuously. 


Age. 
Dsijrs. 

Ammonia. 

Nitrogen 
ai 

Nitrites. 

Nitrogen 

Date. 

Free. 

Albuminoid. 

ToUl. 

as 

Nitrates. 

1891. 
June  23 

June  24,  A.M.      .     .     . 

June  24,  5  i».M.  .     .     . 

June  25 

June  30 

•  • 

1 

•  • 

2 

7 

•  •  •  ■ 
■  •  •  • 

•  •  •  * 
.048 
.004 

.303 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.700 

• .  •  • 
•  • .  • 
• .  •  • 
• . .  • 

.0001 
.0002 
.0018 
1.740 
4.000 

2.000' 

Date. 


Ammonia. 


Age. 
Dajrs. 


Free. 


Albuminoid. 


Total. 


Nitrogen 
as 

Nitrites. 


1891. 
June  23 

June  24 

June  25 

June  30 


1 
2 


000 


.303 


.700 


.0001 
.0007 
.800 
4.500 


Nitrogen 
as 

Nitrates. 


3.000 


We  have  so  far  made  but  few  investigations  as  to  the  nature  of 
the  food  required  by  these  organisms. 

Solutions  have  been  made  with  one  cubic  centimeter  of  blood  per 
liter  instead  of  milk.  These  solutions  changed  but  little  in  appear- 
ance even  after  a  month's  standing.  The  chemical  tests  show  that 
the  reduction  proceeded  very  slowly ;  in  short,  the  organisms  present, 
if  they  thrived  on  the  blood,  did  not  apparently  obtain  oxygen  by 
tearing  apart  the  nitrate. 

Solution  8,  containing  in  addition  to  the  blood  four  parts  of 
sugar  per  100,000,  showed  no  marked  difference  in  behavior  or  re- 
duction of  nitrate,  although  the  tests  show  slightly  more  nitrite. 


so 
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Blood,  8  cc. 
I.    S  KNOs.    (N  =  4.00  parts  per  100,000.) 
City  Water,  8  liters. 


Date. 


Age. 
Days. 

Ammonia. 

Free. 

Albuminoid. 

Total. 

Nitrogen 
as 

Nitrites. 


Nitrogen 
as 

Nitrates. 


1891. 
May  4 


May  4,  4  p.m. 

May  6  .  . 

May  8  .  . 

May  9  .  . 

May  20  . 

May  28  . 
June  22 


•  • 

052 

.458 

1 
3.11 

2 

•  •  • 
.072 

4 

•  ■  • 

5 

.560 

16           1 

.454 

24 

»  •  •  • 

49 

•  •  •  • 

000 
.0003 
.0003 
.0075 
.003 
.013 
.020 
.040 


4.000 


4.000 


2.500 


1.200 


8. 


(  Blood,  2  cc. 

J  KNOs-     (N  =  4.00  parts  per  100,000.) 
]  Grape  Sugar,  .080  gram. 
(^  City  Water,  2  liters. 


Age. 

Ammonia. 

Nitrogen 

Nitrogen 

Date. 

Days. 

Free. 

Albuminoid. 

Toul. 

as 
Nitrites. 

as 

Nitrates. 

1891. 
May  13 

May  15 

May  18 

May  19      ..... 

May  20 

May  28 

June  22 

•    • 

2 
5 
6 

7 
15 
40 

• 

000 

.0002 

.136 

.200 

.200 

.190 

.028 

4.000 

3.500 
1.200      • 

These  solutions  showed  no  green  growth  for  many  months,  and 
at  no  time  was  this  growth  anything  but  scanty. 

A  few  solutions  were  prepared  from  materials  in  themselves  prac- 
tically sterile,  distilled  water  and  evaporated  milk.  These  solutions 
were  inoculated  with  liquid  from  old  solutions ;  one  with  a  solution 
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originally  made  with  milk,  another  with  a  blood  solution,  a  third  with 
a  solution  containing  milk  and  glycerine  (to  be  described  later),  while 
the  fourth  contained  no  admixture  of  old  solutions.  Bacteriological 
cultures  were  made  from  these  solutions  from  time  to  time.  The 
tables  show  the  immense  multiplication  of  these  organisms,  and  also 
give  the  results  of  some  Kjeldahl  tests  at  the  end  of  twenty-two  days, 
which,  while  they  undeniably  show  that  the  original  total  ammonia 
figures  have  not  changed  perceptibly,  emphasize  the  difficulty  of  get- 
ting exact  representative  samples  from  the  bottles,  a  trouble  already 
referred  to.  The  figures  for  the  oxygen  consumed  of  Solution  13 
are  also  instructive,  and  will  be  referred  to  later. 


13- 


<  Milk 
\  Disti 


Milk  diluted  from  evaporated  milk,  8  cc. 
Distilled  Water,  8  liters. 


Date. 


Ammonia. 


Total. 


Oxygen 
Consumed. 


Bacteria 
per  cc. 


1892. 
March  3 

March  4 

March  5 

March  7 

March  15 

March  25 


•     • 

1 

2 

4 
12 

.016 

.  •  a  « 

.356 

•  •  •  • 

.696 

•  •  •  • 

.  •   •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  «  •  • 

•  •  •  • 

•  •  •  • 

22 

.240 

S  .206 
)/072 

j  .630 
1/150 

S  .652 
)/.384 

4.326 

2.8!)2 

2.348 

2  3:)7 

( 1.081 
1/.5S9 


104 
3,000 


150,000 


/=  filtered. 
14.    2  liters  of  same  solution,  but  with  addition  of  50  cc.  of  No.  i.    (Blood  solution.) 

Age. 
Days. 

Total  Ammonia. 

Date. 

Filtered. 

Unfiltered. 

Bacteria  per  cc. 

March  3 
March  4 
March  15 
March  25 


1 

12 
22 


.700 
.670 


262 

(3  molds) 
800 

1.260,000 


52 


Ellen  H,  Richards  and  George    William  Rolfe, 


15.    2  liters  of  same  solution  as  13,  but  with  the  addition  of  50  cc.  of  No.  2.     (Glycerine  and 

milk  solution.) 


Date. 


Age. 
Days. 


Total  Ammonia. 


Filtered. 


Unfiltered. 


Bacteria  per  cc. 


1892. 
March  3 

March  4 

March  15 

March  25 


1 

12 
22 


.150 
.188 


.650 
.788 


147 

(34  molds) 

2,800 

1,300,000 


16.    2  liters  of  same  solution,  but  with  the  addition  of  50  cc.  of  No.  3.     (Milk  solution.) 


Date. 


Age. 
Days. 


Total  Ammonia. 


FUtered. 


Unfiltered. 


Bacteria  per  cc. 


March  3 
March  4 
March  15 
March  25 


1 

12 
22 


I 


.140 
.140 


1 


.550 
.572 


291 

(3  molds) 

1,400 

1,108,000 


A  few  of  the  conditions  affecting  the  disappearance  of  this  nitro- 
gen as  a  result  of  the  decomposition  of  the  nitrates  have  been  in- 
vestigated. The  experiments  on  this  line  did  not,  however,  throw 
any  light  on  what  becomes  of  the  element.  Is  it  that  this  nitrogen 
does  not  take  any  part  in  the  life  history  of  the  plant  forms,  and 
therefore  has  it  no  influence  on  the  final  result  as  we  interpret  it } 
Is  it  rejected  by  all  the  busy  organisms  which  successively  play  their 
parts  in  this  well-marked  life-cycle }  Is  it  stored  away  in  some  form 
which  has  escaped  the  scrutiny  of  the  chemist,  or  has  it  passed  off 
in  some  gaseous  excretion } 

These  questions  led  to  further  experiments,  with  two  objects  in 
view :  (a)  To  make  this  nitrogen  appear  as  albuminoid  ammonia  in 
the  solution ;  (b)  to  find  if  this  nitrogen  existed  as  a  gaseous  prod- 
uct, excreted  by  the  organisms  or  rejected  by  them.  The  first  series 
of  investigations  is  as  yet  far  from  complete. 

The  only  successful  experiment  in  this  line  was  made  by  adding 
two  cubic  centimeters  of  glycerine  per  liter  of  the  usual  milk  and 
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nitrate  solution.  The  results  indicate  that  a  part  of  the  nitrogen 
was  fixed.  The  nitrate  and  nitrite  figures  are  in  general  like  those 
of  similar  solutions  without  the  glycerine.  The  solution,  however,  as 
far  as  its  external  behavior  was  noted,  acted  in  a  radically  different 
manner.  Large  quantities  of  gas,  apparently  carbon  dioxide,  were 
given  off.  This  active  fermentation  began  about  the  eleventh  day 
and  continued  for  over  a  month,  the  solution  being  quite  sour,  with 
an  odor  of  yeast.  The  organisms  which  developed  in  this  solution 
in  great  abundance  are  a  bright  red,  and  have  retained  their  color 
for  five  years. 

Glycerine,  i6  cc 

Milk,  8  cc. 

KNOg.     (\  =  4.00  parts  per  100,000.) 

City  Water,  8  liters. 


2. 


Date. 


Ammonia. 


Fre«. 


Albuminoid. 


Total. 


Nitrogen 
as 

Nitrites. 


Nitrogen 
as 

Nitrate*. 


1891. 
May  4 


May  4,  4  p.m.  . 

May  6    .  .  . 

May  7    .  .  . 

May  8    .  .  . 

May  9    .  .  . 

May  20  .  .  . 

May  29  .  .  . 

June  14 .  .  . 

June  21 .  .  . 


2 
3 

4 
5 

16 
25 
31 
48 


052 


108 


00 


Oil 


.695 


000 


1.665 


4.100 


.0003 

.400 

1.080 

.800 

2.650 

1.750 

00<) 

.020 

.0005 

.002 

.0003 

.003 

.0001 

000 

No  green  growth  has  appeared  in  this  solution. 

In  the  investigation  of  the  gaseous  products  of  the  decomposi- 
tion much  more  work  has  been  done. 

On  March  13,  1894,  three  milk  solutions  were  made  up  with  po- 
tassium nitrate  after  the  usual  manner.  Two  of  these  were  so  ar- 
ranged that  the  gas  evolved  could  be  collected  over  mercury,  any  air 
other  than  that  dissolved  in  the  water  of  each  bottle  being  carefully 
excluded.      The  composition  of  the  gases  dissolved  in  the  water  of 
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each  bottle  was  determined  by  their  removal  from  a  standard  volume 
by  means  of  a  Sprengel  pump  and  their  examination  in  a  Frankland 
gas  apparatus.  The  gases  evolved  were  also  determined^  and  finally 
those  dissolved  in  the  resulting  sewage.  A  few  chemical  tests  were 
made  of  the  contents  ot  the  third  bottle  during  the  decomposition. 
The  same  work  was  repeated  in  June,  1895,  the  apparatus  being  so 
modified  that  chemical  tests  might  be  made  of  the  solutions  at  the 
same  time  that  the  gaseous  products  were  being  investigated.  The 
results  as  arranged  are  self-explanatory,  and  show  at  once  what  has 
become  of  the  nitrogen  of  the  nijrate.^  Two  of  the  investigations 
show  that  within  less  than  3  per  cent,  this  nitrogen  can  be  accounted 
for.  The  third  shows  that  7  per  cent,  more  nitrogen  is  evolved  than 
can  be  accounted  for  by  the  decomposition  of  the  nitrate,  a  discrepancy 
we  cannot  explain.  However,  it  is  clearly  demonstrated  that  practi- 
cally all  the  nitrogen  of  the  nitrate  is  freed  as  the  elementary  gas. 
The  rapid  decrease  in  ''oxygen  consumed"^  is  also  shown  to  be 
the  result  of  the  early  escape  of  carbon  as  the  dioxide,  and  makes  it 
clear  that  this  test  is  useless  as  a  measure  of  pollution,  however 
valuable  it  may  be  as  an  aid  in  ascertaining  the  nature  of  the  or- 
ganic matter  present. 

r  Potassium  Nitrate:  .3125  gram  per  1,000  cc.  of  City  Water. 

18.  Experimental  Data.*    J       (Nitrogen  =  4.33  parts  per  100.000.) 

J  Milk  :  I  cc.  per  i,ooo  cc.  of  City  Water. 
i^  Three  bottles  were  filled  : 

A,  8,580  cc. 

B,  8,660  cc. 

C,  8,380  cc. 

To  each  bottle  had  been  previously  added  lo  cc.  of  an  old  milk 
solution  (3). 

Chemical  tests  were  made  on  Bottle  C.  Gas  evolved  by  A  and 
B  was  collected  over  mercury. 

Started  March  9,  1894,  2.15  p.m.  Putrefaction  was  very  rapid. 
All  gas  was  evolved  by  March  17. 


»  By  Hempcrs  Method. 

'  It  has  already  been  shown  by  previous  investigators  that  nitrogen  gas  is  sometimes 
a  product  of  decomposition.  (See  recent  article  by  George  W.  Fuller  in  Twenty-Sixth 
Annual  Report  of  State  Board  of  Health  of  Massachusetts,  pp.  472,  522,  581.) 

*  See  Table,  p.  51. 

^  We  are  indebted  to  Professor  A.  H.  Gill  for  valuable  advice,  as  well  as  the  facilitiei 
for  carrying  on  this  work. 
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Bottle  C. 


Date. 

Age. 
Dayi. 

Nitrogen  as  Nitrites. 

Nitrogen  as  Nitrates. 

1894. 
March  9,  2,15  p.m 

March  10,  10  A.M 

March  12 

•      B 

1 

3 
4 
6 
8 
12 

1.500 

000 

4.33 
2.80 
0.25 

March  13 

March  15 

March  17 

•  •  •  • 

000 

March  21 

Signs  of  green  growth  at  bottom  of  bottle. 

Gases  Dissolved  in  City  Tap  Water  used  in  making  up  Solutions  (/  =  ii^C). 


Buttle  A. 


Bottle  B. 


Nitrogen  (by  difference) 

Oxygen     

Carbon  Dioxide      .    .     . 


201.80  cc.« 
72.91 
1.00 


203.70  cc. 
73.58 
1.01 


,  Per  cent,  by  Volume. 

73:21 

26.43 

.36 


Gases  Evolved  in  First  Four  Days  of  Putrefaction. 


BOTTLK  A. 

BOTTLB    B. 

Volume. 

Per  cent. 

1 

Volume.            '        Per  cent. 

1 

Nitrogen 

Oxygen   

Carbon  Dioxide 

Methane 

Nitrous  Oxide 

76.91  cc. 
.37 
2.10 
2.(36 

•  •  ■  • 

93.75 

.45 

2..S6 

3  24 

•  •  •  • 

52.49  cc. 

00(J 

1.99 

00) 

01)0 

96.37 

•  •  •  •   ' 

3.63 

No  more  gas  was  collected  from  Bottle  A,  owing  to  breakage  of 
connection. 


'  All  gas  volumes  are  calculated  at  standard  temperature  and  pressure. 
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Gases  Evolved  March  14-17.     15ottle  15. 


First  Portion. 


Volume. 


Per  cent. 


Second  Portion. 


Volume. 


Per  cent. 


Total. 


Nitrogen      .     . 
Carbon  Dioxide 


Methane 


80.87  CO. 
Ul 
.73 


97.58 

1.54 

.88 


149.56  CO. 
2.23 


1.11 


97.81 

1.46 

.73 


282.92  cc 

4.54 
1.84 


18.     Experimental  Data  (concluded).     Gas  Dissolved  in 

Resulting  Sewage. 

Volume. 

.Per  cent. 

Nitroi?eii 

212.80  cc. 
76.58 
9.34 

71. 24 

Carbon  Dioxide 

Oxygen  

25.64 
3.12 

Total  Nitrogen  Gas  Produced  in  Milk  Solution,  —  292.02  cc.  = 
4.23  parts  per  100,000,  or  97.57  per  cent,  possible  nitrogen  from  dis- 
solved nitrate. 


19.    Experimental  Data.    Solution  prepared  and  inoculated  exactly  like  Solution  18. 

bottles  filled: 

A,  8,600  cc. 
K,  9,010  cc. 

Solution  prepared  June  19,  1895,  4-30  P-*^*-     Bottle  A. 


Two 


Date. 


Age. 
Days. 


Total 
Ammonia. 


Nitrogen 
as 

Nitrates. 


Remarks. 


1895. 
June  19 

June  21 

July  2    . 


2 
13 


.803 


.864 


4.33 
.70 
000 


Putrefaction  proceeding  very  slowly. 


No  signs  of  green  growth. 


Bottle  W. 


1895. 
June  19 

June  21 

July  2  . 


•     • 

.830 

4.33 

2 

•  •  •  • 

..SO 

13 

•  •  •  • 

000 

No  signs  of  green  growth. 
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Practically  no  gas  was  evolved  from  either  bottle  until  after  the 
third  day.  The  gas  evolution  from  both  bottles  was  much  slower 
than  in  the  experiment  of  the  previous  year,  Bottle  B  producing 
notably  more  gas  than  Bottle  A. 

19.    Exptrimental  Data  (concluded).     Gases  Dissolved  in  City  Tap  Water  used  in  making 

up  Solutions  (/  =  22.5°  C). 


Bottle  A. 

Bottle  B. 

Per  cent,  by  Volume. 

Nitrogen 

Oxygen 

Carbon  Dioxide 

122.7    cc. 

44.87 
8.05 

128.5     CC. 

46.99 
8.44 

69.86 

25.57 
4.57 

Gases  Evolved  in  Putrefaction. 


Bottle  A. 


Per  cent,  by 
!       Volume. 


Bottle  B. 


Per  cent,  by 
Volume. 


Nitrogen .     .     .     . 
Carbon  Dioxide 
Carbon  Monoxide 


Methane 
Oxygen 


195.80  cc. 
3.14 
000 
000 
000 


98 


42 
58 


235.20  cc. 

2.73 

000 

000 

000 


98 
1 


85 
15 


Gases  Dissolved  in  Resulting  Sewage. 


Nitrogen       .     . 
Carbon  Dioxide 


Oxygen 


217.40  cc. 
58.03 
4.09 


227.50  cc. 
68.73 
4.95 


75.54 

22.82 

1.64 


Total  Nitrogen  Gas  Produced  in  Sewage  of  Bottle  A.  —  290.5  cc. 
=  4.24  parts  per  100,000,  or  97.92  per  cent,  possible  nitrogen  from 
dissolved  nitrate. 

Total  Nitrogen  Gas  Produced  in  Sewage  of  Bottle  B.  —  334.2  cc. 
=  4.66  parts  per  100,000,  or  107.6  per  cent,  of  the  nitrogen  gas 
possible  from  nitrate  dissolved. 

It  is  somewhat  hazardous  to  theorize  as  yet  on  the  chemistry  of 
these  changes,  especially  with  our  limited  knowledge  of  the  nature  of 
the  powerful  life  agencies  at  work  in  nature's  laboratory  through  the 
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medium  of  bacteria.  A  natural  inference  would  be  that  ammonium 
nitrate  is  formed,  which  breaks  up  into  water  and  nitrogen  gas.  On 
the  line  of  this  theory  the  thought  at  once  occurs,  can  we  not  in- 
troduce some  substance  in  itself  not  readily  decomposed  by  the  proc- 
esses of  fermentation  which,  through  the  subtle  reaction  of  bacterial 
life,  might  be  made  to  form  substituted  ammonia  products  or  their 
analogues  which,  breaking  up  into  stable  compounds,  would  result  in 
fixing  the  nitrogen } 

The  addition  of  glycerine  to  the  milk  solutions  was  suggested  to 
us.  The  results  in  this  case  certainly  point  to  the  fixing  of  some 
of  the  nitrogen,  but  further  investigations,  which  we  have  in  hand, 
are  necessary  to  prove  this  beyond  all  doubt. 

The  conclusion  may  be  stated  thus  :  Whenever  nitrates  are  added 
to  decomposable  organic  matter  not  sterile,  under  such  conditions 
that  the  growth  of  the  bacteria  requires  more  oxygen  than  the  so- 
lution affords,  the  plants  will  take  it  from  the  nitrates,  setting  free 
nitrites,  which  in  time  are  decomposed,  setting  free  nitrogen. 

Therefore,  a  very  nice  balance  exists  between  the  organic  matter 

to  be  decomposed,   the  oxygen  at  hand,   and  the  plants  to  do   the 

work. 

A  clear  understanding  of  these  relations  is  of  great  importance  to 

the  agriculturist  and  especially  to  the  sewage  farmer,  since  it  is  easy 
to  lose  all  the  nitrogen  once  gained  by  an  imprudent  addition  of 
food.  In  fact,  to  save  nitrates  already  in  the  soil  the  sewage  must 
be  so  applied  that  the  conditions  are  to  the  highest  degree  favorable 
for  contact  with  the  air,  as,  for  instance,  in  very  thin  layers.  Aeration 
by  the  passage  of  air  through  the  sewage  in  bulk  is  quite  useless, 
however  thorough  the  process.  Again,  even  under  the  most  favorable 
conditions  it  will  be  seen  that  the  success  of  nitrogen  storage  is 
exceedingly  dubious.  The  inference  is  that  the  most  feasible  way  of 
economizing  nitrogen  is  to  feed  it  to  the  growing  green  plant  ^  only 
as  fast  as  it  can  be  assimilated,  rather  than  to  attempt  to  prepare 
the  soil  in  advance  and  risk  having  the  element  thrown  back  in  its 
primal  state  into  the  atmosphere  by  the  excretory  processes  of  hordes 
of  oxygen-loving  bacteria.  Even  in  spite  of  aeration  certain  ferment- 
ative organisms  seem  to  prefer  to  take  their  supply  of  oxygen  from 


*  George  W.  Fuller,  Twenty- Sixth  Annual  Report  of  the  State  Board  of  Health  of 
Massachusetts,  p.  493. 
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its  nitrogen  combinations.  Hence  loss  of  nitrogen  is  liable  to  occur, 
if  it  is  not  inevitable,  when  a  solution  containing  certain  kinds  of  de- 
composing organic  matter  is  added  to  a  soil  or  water  already  nitrified. 

In  this  connection  the  recent  paper  by  George  \V.  Fuller  in  the 
Twenty-Sixth  Annual  Report  of  the  State  Board  of  Health  of  Mass  a- 
chnsettSy  with  its  rich  store  of  valuable  analytical  data,  is  most  sug- 
gestive. We  have  already  referred  in  footnotes  to  the  conclusion  of 
the  author  concerning  the  effect  of  aeration,  the  loss  of  nitrogen,  and 
the  influence  of  green  growth  on  this  loss  as  corroborative  of  our 
own.  Can  we  not,  on  the  other  hand,  point  to  the  results  of  our 
investigations  as  shedding  light  on  several  points  touched  on  in  this 
work }  For  instance,  is  not  the  greater  efficiency  of  coarse  material 
over  fine  in  sewage  purification  accounted  for  by  the  fact  that  less 
nitrogenous  matter  is  retained  to  stimulate  growth  of  reducing  bacteria 
as  well  as  by  the  explanation  of  more  efficient  air  supply  (p.  515)? 

Again,  cannot  some  of  the  irregularities  of  the  working  of  water 
filters  (p.  637)  and  the  variation  in  nitrates  in  the  Merrimac  River 
water  (p.  651)  also  be  made  clear  if  we  consider  that,  during  the 
time  in  which  the  nitrates  were  diminished,  the  food  supply  (sewage) 
was  increased,  resulting  in  the  decomposition  of  the  nitrates  previ- 
ously existing } 

Certainly  the  fixing  of  nitrogen  in  a  water  or  soil  in  a  form  avail- 
able for  higher  vegetation  is  a  problem  requiring  further  considera- 
tion. In  a  subsequent  paper  we  shall  consider  some  of  these  points 
in  question. 
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THE  GRADUATION  OF  A  lOO-INCH  PHOTOMETER  BAR, 

By  W.  LINCOLN   SMITH,  S.B. 

Received  February  15,  1896. 

Having  had  occasion  some  time  since  to  lay  out  two  new  pho- 
tometer bars  for  use  in  the  Electrical  Engineering  Laboratory  of  the 
Institute,  I  was  desirous  of  finding  a  table  of  scale  readings  in  inches 
and  corresponding  ratios  of  unknown  to  standard  which,  when  mul- 
tiplied by  the  value  of  the  standard  in  candle  powers,  should  give 
directly  the  value  of  the  unknown. 

As  I  failed  to  find  such  a  table  at  hand,  it  was  necessary  to  com- 
pile one,  which  I  have  appended  here,  together  with  the  method  of 
obtaining  it. 


L-C 


F13.   I 


In  the  figure  let  L  be  the  length  of  the  bar,  5  the  standard  light, 
X  the  unknown  light,  D  the  disc,  c  the  distance  from  5  to  Z?,  and 
L  —  c  the  distance  from  D  to  X,     Then 

X  \  S  =  {L  —  cf  \  (^\ 


or  as 


5 


we  have 


Rc^  =  {L  —  cf. 


The  Graduation  of  a  JOO-inch  Photometer  Bar.  6 1 


This  gives  us  c  r=i 


\IR  +  I 


or  for  a  looinch  bar  c  = 


Vr  +  I 

and  for  any  given  value  of  R  will  give  us  the  corresponding  scale 
reading  in  inches. 

As  the  direct  calculation  of  about  500  points  would  take  a  con- 
siderable time,  I  began  to  plot  a  set  of  curves,  but  after  a  short  time 
noticed  that  the  points  could  be  directly  obtained  without  calculation 
in  the  following  manner. 

Let  us  take  a  set  of  tables  (Barlow's  original  set,  or  a  reprint, 
is  best,  as,  for  direct  work  to  four  places  of  significant  figures,  the 
table  should  run  up  to   10,000)  and  work  as  follows : 

Enter  the  table  with  the  ratio,  find  its  square  root,  add  i,  and  the 
result  is  composed  of  the  significant  figures  of  the  reciprocal  of  the 
corresponding  scale  reading  in  inches. 

Thus  for  example: 

R  =  20.     ^7r=  4.4721.     ^R  +  I  =  S.4721. 

Entering  the  table  now  with  this  number  as  a  reciprocal,  we  shall 
find: 

No.  Rec. 

1827  .00054734 

1828  .00054705, 

from  which  we  can  easily  see  that  1828  is  the  desired  number,  and 
the  position  of  the  decimal  point  is   18.28. 

Again:  R  =  8.10,  ^R  =  2.84605  (we  find  this  square  root  oppo- 
site 810  in  the  table),  ^R  +  i  =  384605,  and  the  nearest  corre- 
sponding number  is  26.00,  the  reciprocal  of  which  is  .0384615. 

If  we  wish  a  200-inch  bar,  we  must  mark  off  36.56,  52.00,  etc., 
instead  of  18.28,  26.00,  etc. 

The  following  table  then  gives  the  ratios  and  scale  readings  that 
are  desirable  on  a  bar  for  use  in  photometric  work  on  incandescent 
and  arc  lamps. 
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Ratio. 

Scale. 

Ratio. 

1 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

.10 

75.97    . 

.41 

60.97 

.72 

54.10 

1.03 

49.63 

1.34 

46.35 

.11 

75.09 

.42 

60.68 

.73 

53.93 

1.04 

49.51 

1.35 

46.26 

.12 

74.27 

.43 

60.39 

.74 

53.76 

1.05 

49.39 

1.36 

46.16 

.13 

73.50 

.44 

60.12 

.75 

53.59 

1.06 

49.27 

1.37 

46.07 

.14 

72.77 

.45 

59.85 

.76 

53.42 

1.07 

49.15 

1.38 

45.98 

.15 

72.08 

.46 

59.58 

.77 

53.26 

1.08 

49.04 

1.39 

45.89 

.16 

71.43 

.47 

59.33 

.78 

53.10 

1.09 

48.93 

1.40 

45.80 

.17 

70.81 

.48 

59.07 

.79 

52  94 

1.10 

48.81 

1.41 

45.72 

.18 

70.21 

.49 

58.82 

.80 

52.78 

1.11 

48.70 

1.42 

45.63 

.19 

69.64 

.50 

58.57 

.81 

5263 

1.12 

48.59 

1.43 

45.54 

.20 

69.10 

.51 

58.34 

.82 

52.48 

1.13 

48.48 

1.44 

45.45 

.21 

68.58 

.52 

58.10 

.83 

52.33 

1.14 

48.36 

1.45 

45.37 

.22 

68.07 

.53 

57.87 

.84 

52.18 

1.15 

48.25 

1.46 

45.28 

.23 

67.58 

.54 

57.64 

.85 

52.03 

1.16 

48.14 

1.47 

45.20 

.24 

67.12 

.55 

57.42 

.86 

51.88 

1.17 

48.04 

1.48 

45.12 

.25 

66.66 

.56 

57.20 

.87 

51.74 

1.18 

47.93 

1.49 

45.03 

.26 

66.23 

.57 

56.98 

.88 

51.60 

1.19 

47.83 

1.50 

44.95 

.27 

65.81 

.58 

56.77 

.89 

51.46 

1.20 

47.72 

1.51 

44.87 

.28 

65.40 

.59 

56.56 

.90 

51.32 

1.21 

47.62 

1.52 

44.79 

.29 

65.00 

.60 

56.35 

.91 

51.18 

1.22 

47.51 

1.53 

44.71 

.30 

64.61 

.61 

56.15 

.92 

51.(H 

1.23 

47.41 

1.54 

44.62 

.31 

64.24 

.62 

55.95 

.93 

50.90 

1.24 

47.31 

1.55 

44.54 

.32 

63.87 

.63 

55.75 

.94 

50.77 

1.25 

47.21 

1.56 

44.47 

.33 

63.51 

.64 

55.55 

.95 

50.64 

1.26 

47.11 

1.57 

44.39 

.34 

63.17 

.65 

55.36 

.% 

50.51 

1.27 

47.01 

.1.58 

44.31 

.35 

62.83 

.66 

55.17 

.97 

50.38 

1.28 

46.92 

1.59 

44.23 

36 

62.50 

.67 

54.98 

.98 

50.25 

1.29 

46.82 

1.60 

44.15 

.37 

62.18 

.68 

54.80 

.99 

50.12 

1.30 

46.72 

1.61 

44.08 

.38 

61.86 

.69 

54.62 

1.00 

50.00 

1.31 

46.63 

1.62 

44.00 

.39 

61.55 

.70 

54.44 

1.01 

49.88 

1.32 

46.54 

1.63 

43.92 

.40 

61.25 

.71 

54.27 

1.02 

49.76 

1.33 

46.44 

1.64 

43.85 

The  Graduation  of  a  lOO-inch  Photometer  Bar, 
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Ratio. 

Scale. 

Ratio. 

Scale. 

-   Ratio. 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

1.65 

43.77 

1.96 

i     41.67 

2..H 

38.55 

3  16 

36.01 

4.20 

32.79 

1.66 

43.70 

1.97 

41.61 

'     2.56 

38.46 

3.18 

35.93 

4.25 

32.66 

1.67 

43.62 

1.98 

1    41.55 

2.58 

38.37 

3.20 

35.86 

4.30 

32.54 

1.68 

43.55 

1.99 

41.48 

2.60 

3S.2S 

3.22 

35.79 

4.35 

32.41 

1.69 

43.48 

2.fJ0 

41.42 

2.62 

38.19 

3  24 

35.72 

4.40 

32  28 

1.70 

43.41 

2.02 

41.30 

2.64 

38.10 

1 

3.26 

35.64 

4.45 

32.16 

1.71 

43.33 

2.(H 

41.18 

2.66 

38.01 

3.28 

35.57 

4.50 

32.04 

1.72 

43.26 

2.06 

41.06 

2.68 

37.92 

3.30 

35.50 

4.55 

31.92 

1.73 

43.19 

2.08 

40.95 

2.70 

37.83 

3.32 

35.44 

4.60 

31.80 

1.74 

43.12 

2.10 

40.83 

2.72 

37.75 

3.34 

35.37 

4.65 

3168 

1.75 

43.05 

2.12 

40.72 

2.74 

37.66 

3.36 

35.30 

4.70 

31.57 

1.76 

42.98 

2.14 

40.60 

2  76 

37.58 

3.38 

35.23 

4.75 

3145 

1.77 

42.91 

2.16 

40.49 

2.78 

37.49 

3.40 

35.16 

4.80 

31.34 

1.78 

42.84 

2.18 

40  38 

2.80 

37.41 

3.42 

35.10 

4.85 

31.22 

1.79 

42.77 

i     2.20 

40.27 

2.82 

37.32 

!    3.44 

35.03 

4.90 

31.12 

1.80 

42.70 

2.22 

40.16 

2.84 

37.24 

3.46 

34.97 

4.95 

31.01 

1.81 

42.64 

2.24 

40.05 

286 

37.16 

3.48 

34.90 

500 

30.90 

1.82 

42.57 

2.26 

39.95 

288 

37  08 

3.50 

34  83 

5.05 

30.79 

1.83 

42.50 

2.28 

39.84 

2.90 

37.00 

3.55 

34.67 

5.10 

30  69 

1.84 

42.44 

2.30 

39.74 

2.92 

36.92 

3.60 

34.51 

5.15 

30.59 

1.85 

42.37 

2.32 

39.63 

2.94 

36.84 

3.65 

34.36    : 

5.20 

30.49 

1.86 

42.30 

2.34 

39.53 

2.96 

36.76 

3.70 

34.21     - 

5.25 

30  38 

1.87 

42.24 

2.36 

39.43 

2.98 

36.68 

3.75 

34.05 

5.30 

30.28 

1.88 

42.18 

2.38 

39.33 

3.00 

36.60 

j    3.S0 

33.90 

5.35 

30.18 

1.89 

42.11 

2.40 

39.23 

3.02 

36.53 

3.85 

1 

33.76 

5.40 

30.09 

1.90 

42.  (H 

2.42 

39.13 

3.(H 

36.45 

'    3.90 

1 

33.62 

5.45 

29.99 

1.91 

41.98 

2.44 

39.03 

3.06 

36.37 

:    3.95 

33.47    ' 

5.50 

29.89 

1.92 

41.92 

2.46 

38.93 

3.08 

36.30 

4.00 

33.33 

5.55 

29.80 

1.93 

41.85 

2.48 

38.^4 

3.10 

36.23 

.    4.05 

33.19 

5.60 

29.70 

1.94 

41.79 

2.50 

1 

38.75 

3.12 

36.15     , 

4.10 

33.06 

5.65 

29.61 

1.95 

41.73 

2.52 

38.65 

3.14 

36.08 

4.15 

32.92 

5.70 

29.52 
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Ratio. 

Scale. 

1 
Ratio. 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

5.75 

29.43 

7.25 

27.08 

8.75 

25.27 

11.25 

22.97 

18.75 

ia76 

5.80 

29.34 

7.30 

27.01 

8.80 

25.21 

11.50 

22.77 

19.00 

18.66 

5.85 

29.25 

7.35 

26.95 

8.85 

25.16 

11.75 

22.57 

19.25 

ia56 

5.90 

29.16 

7.40 

26.88 

8.90 

25  10 

12.00 

22.40 

19.50 

ia46 

5.95 

29.07 

7.45 

26.81 

8.95 

25.05 

12.25 

22.23 

19.75 

ia37 

6.00 

28.99 

7.50 

26.75 

9.00 

25.00 

12.50 

22.05 

20.00 

lazs 

6.05 

28.90 

7.55 

26.69 

9.05 

24.95 

12.75 

21.88 

20.50 

18.09 

6.10 

28.82 

7.60 

26.62 

9.10 

24.90 

13.00 

21.71 

21.00 

17.91 

6.15 

28.74 

,    7.65 

26.55 

9.15 

24.85 

13.25 

21.55 

21.50 

17:74 

6.20 

28.66 

7.70 

26.49 

9.20 

24.79 

13.50 

21.39 

22.00 

17.57 

6.25 

28.58 

'    7.75 

26.43 

9.25 

24.74 

13.75 

21.24 

22.50 

17.41 

6.30 

28.49 

1    7.80 

26.37 

9.30 

24.69 

14.00 

21.09 

23.00 

17.25 

6.35 

28.41 

'    7.85 

26.30 

9.35 

24.64 

14.25 

20.94 

23.50 

17.10 

6.40 

28.33 

!    7.90 

26.24 

9.40 

24.60 

14.50 

20.80 

24  00 

16.95 

6.45 

28.25 

'    7.95 

1 

26.18 

9.45 

24.55 

14.75 

20.66 

24.50 

1681 

6.50 

28.17 

,    8.00 

1 

26.12 

9.50 

24.50 

15.00 

20.52 

25.00 

16.67 

6.55 

28.09 

'    8.05 

1 

26.06 

9.55 

24.45 

15.25 

2039 

25.50 

16.53 

6.60 

28.01 

I 

1    8.10 

26.00 

9.60 

24.40 

15.50 

20.26 

26.00 

16.40 

6.65 

27.94 

8.15 

25.94 

9.65 

24.35 

15.75 

20.13 

26.50 

16.27 

6.70 

27.87 

'    8.20 

1 

25.88 

9.70 

24.30 

16.00 

20.00 

27.00 

16.14 

6.75 

27.79 

i    8.25 

25.82 

9.75 

24.26 

16.25 

19.88 

27.50 

16.01 

6.80 

27.72 

1    8.30 

25.77 

9.80 

24.21 

16.50 

19.75 

28.00 

15.89 

6.85 

27.64 

8.35 

25.71 

9.85 

24.17 

16.75 

1963 

28.50 

15.78 

6.90 

27.57 

1    8.40 

25.65 

9.90 

24.12 

17.00 

19.51 

29.00 

15.66 

6.95 

27.50 

■    8.45 

25.60 

9.95 

24.07 

17  25 

19.39 

29.50 

15.55 

7.00 

27.43 

8.50 

25.54 

10.00 

24.03 

17.50 

19.28 

30.00 

15.45 

7.05 

27.36 

8.55 

25.48    1 

1 

10.25 

23.80 

17.75 

'    19.18 

1 

7.10 

27.29 

'     8.60 

I 

25.43 

1 

10.50 

1 

23.58 

1800 

19.07 

7.15 

27.22 

1     8.65 

25.37 

i  10.75 

23.37 

18.25 

'    18.97 

7.20 

27.15 

j    8.70 

25.32 

11.00 

1 

23.17 

1 

18.50 

18.86 
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Ratio. 

Scale. 

Ratio. 

43 

Scale. 
13.23 

KaUG. 

Scale. 

Ratio. 

Scale. 

Ratio. 

Scale. 

31 

1 

15.23 

60 

11.43 

90 

9.54 

150 

7.55 

32 

15.02 

44 

13.10 

62 

11.27 

95 

9.31 

155 

7.44 

33 

14.83 

45 

12.97 

64 

11.11      ' 

100 

9.09 

160 

7.33 

34 

14.64 

46 

12.85 

66 

10.% 

105 

8.89 

165 

7.22 

35 

14.46    : 

47 

1 

12.73 

'      68 

10.82 

110 

8.70     ' 

170 

7.12 

36 

14.28 

48 

12.61 

70 

10.67    , 

j 

115 

S.53 

175 

7.03 

37 

14.12 

1 
49 

12.50 

72 

10.54      ; 

120 

8.36 

18».) 

6.94 

38 

13.% 

j      50 

12.39 

74 

10.41     ' 

lis 

8.21 

185 

6.85 

39 

13.80 

:          52 

12.18 

76 

10.29 

130 

8.06 

190 

6.77 

40 

13.65 

1 

54 

11.98 

78 

10.17 

1 

135 

7.92 

195 

6.68 

41 

1351 

56 

11.79 

,      80 

10.06    ■ 

140 

7.79 

!     200 

6.60 

42 

13.37 

58 

11.61 

85 

9.79 

145 

7.67 

Rogers  Laboratory  ok  Physics, 
September^  i8gj. 
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freight  steamers  from  their  beginning  to  the  present  was  sketched; 
then  the  recent  improvements  in  large  freight  steamers  were  de- 
scribed, especially  the  important  improvements  in  the  machinery,  re- 
sulting in  greater  economy  of  space  and  of  fuel. 

At  the  close  of  the  paper  the  President  thanked  the  speaker, 

and  the  Society  adjoiuned. 

Robert  Payne  Bigelow,  Secretary. 
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Duty  Test  on  the  Chestnut  Hill  Pumping  Engine,  79 

Calculation  of  Boiler  Results. 

(A)     Quality  of  steam  at  throttle. 

Throttling  calorimeter  with  a  ^-inch  steam  orifice  was  used. 
Calculated  by  this  formula : 

X  +  .48  (/,  —  t)  —  q 

X  = 

r 

X  =  total  heat  of  saturated  steam  calorimeter  pressure. 

q  =  heat  of  liquid  at  temperature  of  entering  steam. 

r  ^  total  latent  heat  of  entering  steam. 

/^=  temperature  °F.  by  thermometer. 

/  =  temperature  of  saturated  steam  at  calorimeter  pressure. 

Time,  11-47. 

Boiler  pressure  absolute  after  applying  correction  to  gauge  =  194.9. 
Back  pressure  in  calorimeter  (absolute)  after  applying  correction  to 
gauge  =  29.9. 

Temperature  of  steam  in  calorimeter  (corrected)  =  311.0°  F. 


r—     845.3 

9=  352.4 

X—  1,158.2 

/  —  250.1 

/,—     311.O 

X—         .988 

Other  values  of  x  calculated  in  same  way.      .988  is  mean  of  all 

values. 

The  total  weight  of  steam  used  by  the  calorimeter  in  1 59  minutes 
was  figured  from  the  flow  through  a  ^-inch  diameter  orifice  by  means 
of  Napier's  formula. 

The  average  absolute  boiler  pressure  was  191  pounds. 

.25  X  .25  X  .7854  X  191  X  159  X  60 
Total  weight  =  1,280  = — 

(B)  See  (/)  Boiler  Test  Data. 

(C)  Average  pressure,  175.7+  14.8=  190.5. 

Average  temperature  feed  entering  economizer  =  127°  F. 
Heat  put  into  one  pound  =  {xr  -\-  q  —  q), 

at  boiler.  feed. 

149,620    (.988   X   846.85  +   350.3   —  95.1)  =   163,370,078 
B.  T.  U. 

(D)  See  {m)  Boiler  Test  Data. 
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(E)  Total  heat  in  one  pound  of  wet  steam  as  made  by  the  boiler 

=  (^^+  q)  =  (.988  X  846.85  +  350.3)  =  i»i87. 

Returns  entered  boiler  at  369.7°  F. 
Heat  of  liquid  at  this  temperature  =  341.9. 

Heat  put  into  this  is  equal  to  19,587  (1,187  —  341-9)  =  16,552,974 
B.  T.  U. 

(F)  See  («)  Boiler  Test  Data. 

(G)  Calculated  same  as  (E). 

136  (1,187  —  341.9)  =  114,934  B.  T.  U. 

(H)    Found  by  taking  the  sum  of  (C),  (E),  and  (G). 

(I)      See  {g)  Boiler  Test  Data. 

(IJ    By  deducting  2Chd  pounds  from  (I). 

(J)     Is  equal  to  (H)  -J-  (I). 
(JJ    Is  equal  to  (H) -^- (IJ. 

(K)    Found  by  dividing  (J)  by  965.8,  the  latent  heat  of  steam  at 
212*^  or  at  atmospheric  pressure. 

(KJ   (JJ-i-965-8- 

(L)     Estimated  from  the  excess  over  the  previous  rate  of  firing. 

(M)    (I)  -^  24.93  X  68.75. 


Calculation  of  Engine  Results  and  Duty. 

(3)  The  different  mean  effective  pressures  (38,  p.  88)  were  calcu- 
lated by  multiplying  the  total  area  of  all  the  cards  from  one  end  by  the 
spring  and  dividing  by  the  total  length. 

The  diameters  of  the  cylinders  and  rods  are : 

High.  Intsrmbdiatk.  Low. 

Piston.  Rod.  Piston.  Rod.  Piston.         Rod. 

13.7  3.125         24.375  4  39  4 

Stroke,  72". 

H.  P.  of  high  pressure  H.  E.  =  ^^ =  80.78. 

33»ooo 

u   T>     ^  v.-  1,  r   t:         13974  X  54-52  X  50-59X6 

H.  P.  of  high  pressure  C.  E.  =  ^.^ =  70.08. 

33iOOO 

U     P        f    •     .  ^-    .        U     T7  466.63   X   22.61    X   5059X6 

H.  P.  of  intermediate  H.  E.  =  =97.05. 

33,000 
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H.  P.  of  intermediate  C.  E.  =  4S4-o6  X  21.33  X  50-59  X  6  ^ 

33,000  ^      ^ 

n   x>      (  y        u    IT  1,1945  X  ^Q-66  X  50-59  X  6 

H.  P.  of  low  H.  E.  =  33;ooo ~  117. 12. 

„   p      r  ,        r    t:         1,181.93  X  II. 18  X  5059  X  6 

H.  P.  of  low  C.  E.  =   J^;So6 ^  121.54. 


itH 
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ZenfthSSTT 
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iH. 
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CrM*y  Jnttieain:    /oik  ^prtnf. 


Ctrta  4.4Sa' 
LenftA-M/.' 


Fig.  2. 
Indicator  Cards.     Chestnut  Hill  Pumping  Engine.     Steam  Cylinders. 


(4)  The  water  plungers  were  all  17.5"  diameter,  48"  stroke,  with 
3.5"  diameter  piston  rod.  The  mean  effective  pressures  as  calculated 
from  the  water  cards  are  given  in  (39,  p.  88).  Cards  marked  5  are 
from  the  end  of  the  pump  nearest  the  steam  cylinders  ;  those  marked 
P  from  the  opposite  end. 
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Fig.  3. 
Indicator  Cards.     Chestnut  Hill  Pumping  Engine.     Water  Cylinders. 


Pump 

opposite 

High. 


Pump 

opposite 

Int. 


/ 
\ 


H.  P.  of  S.  E.= 


H.  P.  of  P.  E.  = 


H.  P.  of  S.  E.  = 


H.  P.  of  P.  E.  = 


230.90  X  60.7  X  50.59  X  4 

33»ooo 
240.52  X  61. 1  X  50.59  X  4 
33^000 

230.90  X  61.7  X  50.59  X  4 
33>ooo 

240.52  X  62.1  X  50.59  X  4 
33>ooo 


=  85.95. 


=  90.12. 


=  87.36. 


=  91.59. 


\ 


Pump 
opposite       ) 
Low. 


H.P.  of  S.  E.  =  230.90  X  61.4  X  5059  X  4  _ 

33»ooo 


86.94. 


H.  P.  of  P.  E.  =  240-52  X  59-6  X  50-59  X  4  _ 

33,000  '  ^ 
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(6)  This  is  the  sum  of  2,  4,  5,  and  13  of  Engine  Test  Data. 

(7)  Sum  of  (s)  and  (6)  of  Engine  Test  Results. 

(8)  This  is  the  total  steam  for  engine  .cylinders  and  jackets  for 
one  hour  divided  by  the  total  H.  P.  of  steam  cylinders. 

i55»043 

=  11.22. 


24  X  575-66 


(9)  The  steam  required  for  the  plant  for  twenty-four  hours,  ex- 
cepting that  used  by  the  high  pressure  jackets,  is  found  by  deducting 
the  sum  of  items  7,  8,  9,  10,  and  11  from  item  6. 

(10)  146,226  (.988  X  846.85  +  350.3  —  95.1) 

=  159,664,169  B.  T.  U. 

(11)  Estimated  as  previously  explained. 

(13)  19*370  (1,187  —  341.9)  =  16,369,587  B.  T.  U. 

(14)  Sum  of  (10)  and  (13). 

(15)  See  Boiler  Test  Results  (y). 

(16)  This  is  found  by  dividing  (14)  by  (15). 

(16J  (14)  ^  (/J. 

(17)  and  (19)  The  water  over  the  weir  (Fig.  4,  p.  115)  was  calcu- 
lated first  by  the  formula  : 

Cu.  ft.  per  second  =  3.33  ///*. 
/=  io.cx)26  ft.     //  =  .9798  ft.,  the  observed  height  on  weir. 

A  correction  was  then  made  for  the  velocity  of  approach.  The 
area  of  a  cross  section  of  the  weir  at  this  depth  was  60.3354  sq.  ft. 

The  quantity  in  cubic  feet  per  twenty-four  hours  was  then  calcu- 
lated from  this  formula : 

3.33  '    r  (/'  +  y  Y  ""  (r)*  1  24  X  60  X  60  =  2,809,370  cu.  ft. 

2,809,370X1,728 

=  21,016,000  gallons. 

(20)    3  X  (230-9  +  240-52)  X  4  X  50.59  X  60  X  24  =  2,861,640 

144 

cu.  ft.  displacement  of  pump  plungers. 
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(21)  See  items  33,  34,  35,  36,  37. 

145.87  —  122.65  =  23.22  ft. 
icx).88  X  .4891  X  2.307  =  113.83. 
113.83  +  23.22  =  137.05  ft.  total  head. 

The  specific  gravity  of  the  mercury  used  was  determined  immedi- 
ately after  the  test  was  finished.  From  this  items  36  and  37  were 
calculated. 

(22)  This  is  the  product  of  (17),  (18),  and  (21). 

(23)  From  items  (22)  and  (16) 

24,025,507,490  X  100  =  ,^s,9i9>ooo. 
16,465 

(2 3 J  From  items  (22)  and  (16J. 

(24)  (24J  and  (29). 

The  B.  T.  U.  required  by  the  engine  for  twenty-four  hours  was 
calculated  in  this  way  : 

The  total  heat  of  the  steam  supplied  to  the  cylinders  above  the 
heat  of  the  condensed  steam,  plus  the  heat  lost  by  the  jacket  steam  in 
the  high,  intermediate,  first  and  second  reheater  jackets,  plus  also  the 
heat  lost  in  the  low  pressure  cylinder  jackets,  and  in  the  drips  from 
the  working  sides  of  the  first  and  second  reheaters  above  the  heat  of 
the  liquid  entering  the  economizer. 

128,471   (1,187.0  —  57.3)  =  145,133,688 

19,370     X      845.1  =    16,369,587 

7,202     X  1,091.9  =      7,863,864 


169,367,139 


^69,367,139 —  =  204.3  B.  T.  U.  per  H.  P.  per  minute. 

24  X  60  X  575-66 

204.3  X  60  equals  the  B.  T.  U.  per  H.  P.  per  hour.    Divide  this  by 
the  B.  T.  U.  taken  up  from  i  pound  of  coal. 

^°4-3  X  60  _  ^      g  204J_X_6o  = 

10,691.7  10,820.2 
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(25)  and  {25J     From  (23)  and  (23J  get  the  foot-pounds  of  water 
work  done  per  pound  of  coal. 

33>ooo  X  60  ^  33,000  X  60  ^ 

1,459,186  1,476,766 

(26)  From  (20)  and  (17) 

2,861,640  —  2,809,370  ^  ^     ,. 
^861,640 =  '-^3  per  cent.  slip. 

(27)  ^       =  59.406,  the  mean  effective  pressure  due  to  head. 


The  H.  P.  of  pumps  calculated  on  this  M.  E.  P.  is 
3  X  (240.52  +  230.9)  X  50.59  X  59.406  X  4 


=  515.19. 


=  10.54  per  cent 


33,000 

575-66— 515.19 
575.66 

(28)    100  —  10.54  =  89.46. 

w  000 

(30)  :^-  =  42.42  B.  T.  U.  required  for  one  H.  P. 

42.42 

— —  =  20.76  per  cent,  thermal  efficiency. 

(31)  This   is   equal   to   the  difference  of   absolute  temperatures 
divided  by  the  higher  temperature : 

(3777  +  460.7)  —  (1 13.5  +  460.7) 

i^^^  ^   I — ./r^  ^\ =  31-51  per  cent. 

(377.7  +  460.7)  ^    ^    ^ 

(32)    jr5l  =  65.9. 

(33)    Duty  (foot-pounds  per  1,000,000  B.  T.  U.) 

The  total  B.  T.  U.  required  by  engine  in  twenty-four  hours  is  (see 
calculation  of  (29))  169,367,139. 

24,025,507,490 
169,367,139     ^   ^000,000  =  141,855,000. 
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(34)    The  foot-pounds  of  work  done  per  revolution  as  figured  from 
the  24-hour  test  is  equal  to 

24,025,507,490. 
72,843 

The  total  work  done  from  the  time  of  opening  the  throttle,  or  for 
73,516  revolutions,  is  24,247,503,172  foot-pounds. 

The  total  coal  burned  for  the  entire  test  was  16,839  pounds. 

24,247,503,172 

— real^ —  =  143.996.000. 
/,^  \  24,247,503,172 

OV  ,-gg^r =  145.727.000. 

(35 J    3(230.9  +  240.52)   X   A   X   72,843   X    137.05    X   62.4  = 

144 

24,472,490,693  foot-pounds  of  work  done  in  24-hour  test,  figuring  from 
displacements  of  water  plungers. 

24,472,490,693 

:^^^ =  1 50,424,000  duty. 

(36J      3  (230.9  +  240.52)    ^  ^  ^  g  ^  ^  ^  g^^  ^ 

144 

24,698,595,419  foot-pounds. 

24,698,595.419  =  148,437,900  duty. 
16,039 
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ENGINE  TEST  DATA. 

Wbzghts. 

I.  Steam  through  qrlinders  (24  hours) 138,471  lbs. 

a.  Weight  of  drip,  L.  P.  jacket  (24  hours) 3,656  " 

3.  Weight  of  drip,  separator 585  " 

4.  Weight  of  drip,  working  side,  1st  receiver  (24  hours) 3,118  " 

5.  Weight  of  drip,  working  side,  ad  receiver  (24  hours) 428  " 

6.  Weight  of  water  weighed  for  boiler  in  boiler  room  barrels  (34.93  hours) 151,060  " 

7.  Make*up  before  starting  engine  test 997  " 

8.  Water  from  engine  room  before  starting  engine  test 454  " 

9.  Water  from  engine  room  after  ending  engine  test 663  " 

10.  Leak^^  at  feed  pump  (a4  hours) 1,440  " 

11.  Steam  used  by  calorimeter i,a8o  " 

la.  Steam  required  by  plant  for  24  hours,  except  for  H.  P.  jackets i46,aa6  " 

13.  Weight  of  returns  from  high  intermediate  ist  receiver  and  ad  recdTer  iackett  (a4  hours)         .  19*370  " 


14.  Average 

15.  Average 

16.  Average 

17.  Average 

18.  Average 

19.  Average 
ao.  Average 
a  I.  Average 


•  « 

Tbmpbkaturbs. 

temperature  of  engine  room    .... 
temperature  condensed  steam  leaving  air  pump 
temperature  cold  condensing  water 
temperature  hot  condensing  water   . 
temperature  hot  weU  water  .     -  . 

temperature  feed  water  entering  economizer   . 
temperature  feed  water  leaving  economizer 
temperature  jacket  returns  entering  boiler 


»3.3®  C. 

89.3=^  F. 

51.90  F. 

85.2®  F. 
14a  7®  F. 
\^^.cP  F. 
198.3°  F. 
369.60  F. 


aa. 

«3. 
a4. 

as- 
a6. 

a7- 
aS. 


«9- 
30. 

3«- 
3a. 
33. 
34- 
35. 
36. 

37. 


Pkxssurss. 

Barometer 14.85  Iba. 

Pressure  at  throttle         .        .                .     •  . >75'70    " 

Vacuum  at  condenser  in  Ins.  of  Hg a7.as 

Pressure  in  ist  receiver 46.5    lbs. 

Pressure  in  2d  receiver a.4      " 

Pressure  in  L.  P.  jackets 99.6      " 

Pressure  in  H.  P.  jackets 175.7      " 

Watbr. 

Temperature  of  water 52.6®  |F« 

Average  height  of  water  on  weir  (24  hours  test)    .                               .9798    ft. 

Width  of  weir  water  on  weir .        .        .        •  ioo,oa6    " 

Area  of  oxms  section  of  water  in  weir  (24  hours  test) 603,354  sq.  ft. 

Reading  suction  float  (feet  above  marsh  level) 112.65  ft 

Reading  level  in  air  chamber  (above  same  level)   ..........  145.87'* 

Discharge  pressure  in  Ins.  of  Hg. soa88 

Pressure  of  i  inch  of  Hg.  23.3°  C 4891  Ibt. 

Feet  of  water  to  i  pound  pressure .  a*307  ft. 


B 


38.    M.  E.  P. 


B  0 

59.58     54- 5a 


Stbam  Cabds. 

L 


U  0 

22.61     21.33 


T 5— 

10.66      II.  18. 


B 


Water  Cabds. 


B  P  8  P  B  P 

39.  M.  E.  P.       60.7     61. 1        61.7     62.1        61.4     59.6. 

40.  Total  revolutions  (24  hours) 

41.  Revolutions  p^  minute 


73.843 
so.  59 
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BOILER  TEST  RESULTS. 

(A)  QoaHtj  of  steam  m  obtained  by  calorimeter  at  throttle  of  engine .98S 

(B)  Total  feed  water  put  into  boiler  in  24.93  boon 149,620 

(C)  B.  T.  U.  pot  into  same '63,370,078 

(D)  Total  return  from  jackets  while  engine  was  running 191587 

(E)  B.  T.  U.  put  into  same i6>'55>>974 

(F)  Total  returns  from  jackets  while  engine  was  still 136 

(G)  B.  T.  U.  put  into  same i  t4t934 

(H)    Total  B.  T.  U*.  taken  up  from  coal  by  water  in  the  boiler 180,037,986 

(I)      Total  coal  burned 16,839 

(la)    Coal  burned,  allowing  for  200  pounds  due  to  dropping  grate  bars 16,639 

(J)     B.  T.  U.  taken  up  by  water  per  pound  of  coal  burned 10,631.7 

G«)  (J)  Allowing  for  200  pounds  extra  coal 10,820.2 

(K)    Eqoiralent  eraporation  per  pound  of  coal  from  and  at  212*^  F 11.07 

fK«) (K)  Allowing  for  200  pounds  extra  coal ii.ao 

(L)    Probable  excess  of  coal  fired  due  to  dropping  of  grate  bars soo 

(M)    Coal  per  square  foot  of  grate  per  hour 9*8 

Flub  Gas  Analysis.    (Average  for  each  hour.) 
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0 

CO 
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0 
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6.1 
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0 
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las 

ai 
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0.4 
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10.5 
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0 
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12.4 

5« 

0.1 

I.OO-  2.00 

6.0 
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at 

2.00-  3.00 

13. 1 

4-4 

0 

2.00-  3.00 

9.6 

8.4 

0.1 

3.00-  4.00 

12.3 

3.8 

0.3 

j.oo-  4.00 

6.0 

10.5 

o.a 

4.00-  5.00 

11.9 

5-3 

0.3 

4.00-  5.00 

2.8 

7-7 

0.1 

5.00-  6.00 

M.5 

3.8 

O.I 

5.00-  6.00 

$.3 

10.4 

0 

6.cx>-  7.00 

II. 7 

6.6 

0.3 

6.00-  7.00 

3-3 

11.9 

0.1 

7.00-  8.00 

8.7 

9.8 

0.3 

7.00-  8.00 

S.8 

11.9 

0.5 

8.00-  9.00 

12.5 

6.5 

0.2 

8.00-  9.00 

5-5 

11.5 

0 

9.00-10.00 

11.9 

4.a 
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STEAM  CARDS.     INTERMEDIATE.     Nos.  8  a 
Scale  30.    Crosbv  Indicatoks. 
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SUCTION  LIFT.    No.  i. 


M 

C 


M 

B 


M 

B 

1 


8 


9-I5 

laa.56 

1.30 

9.30 

laa.46 

1.45 

9.45 

laa.46 

a.oo 

10.00 

laa.51 

a.15 

10.15 

laa.50 

a.30 

10.30 

laa.47 

«45 

10.45 

"a.47 

3.00 

11.00 

laa.47 

3.1$ 

11.15 

laa.46 

3- 30 

XI.30 

laa.46 

3.45 

11.45 

laa.46 

4.00 

la.oo 

laa.46 

4.«5 

ia.x5 

laa.46 

4.30 

ia.30 

laa.46 

445 

ia.45 

laa.46 

5.00 

I.OO 

laa.46 

5-«5 

1.15 

laa.46 

5.30 

laa.46 

laa.46 

ia3.46 

i".47 

iaa.47 

iaa.47 
iaa.47 

iaa.47 
iaa.47 

123.47 

iaa.47 
iaa.47 
iaa.47 
iaa.47 
iaa.47 
iaa.47 

iaa.47 


5-45 

6.00 

6.15 
6.30 
6.45 
7.00 

7«5 
7.30 

8.00 
8.15 
8.30 

8.45 
9.00 
9.15 

9.30 
9-45 


iaa.47 
iaa.47 

123.66 

133.70 

133.66 

133.67 
123.67 
123.65 
133.64 
133.69 

132.66 
123.68 
133.68 

133.67 
133.67 

133.73 
133.74 


10.00 
lais 
10.30 
10.45 
11.00 
11.15 
11.30 

11.45 
la.oo 

13.15 

13.30 
ia.45 

I.OO 

I.I5 

1.30 

«.45 
3.00 


133.70 
133.76 

133.75 

133.7a 

133. 76 
133.77 
133.80 
133.77 
133.73 
133.75 
133.84 
133.75 
133.74 
133.83 
133.88 
133.80 
133.88 


a.15 

a.30 

a-45 
3.00 

3.15 
3.30 

3-45 
4.00 

4.15 
4.30 

4.45 
5.00 

5.«5 
5.30 

S-45 

6.00 

6.15 


33.80 
33.77 

22.83 

33.83 
33. 80 
33.86 
33.79 
23.87 
33.86 
33.79 
33.86 

33.81 

33.86 

33.84 
33.78 
33.73 

33.86 


6.30 

6.45 

7.00 
7«5 

7.30 

8.00 
8.15 
8.30 

8.45 

9.00 
9-«S 


133.83 
133.77 
isa.83 
133.84 

133.8$ 
133.74 
133.70 
133.64 

iaa.66 

I33.6S 

isa.6o 

133.66 


Total,  11,896.99 
Ay.,  iaa.65 
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8 

e 

<8 


• 

s 


.V 


i 

H 


9.«5 
9.30 

9-45 
10.00 
10.15 
10.30 
10.45 
11.00 
11.15 
11.30 

"•45 
13.00 

13.15 

13.30 

13.45 

I.OO 

1.15 
1.30 


101.8 

101.7 

101.6 

101.5 

101.75 

101.50 

tot. 5 

IOI.7 

IOI.5 

101.5 

101.5 

101.35 

101.2 

IOI.5 

10X.15 

101.15 

101.3 

101.3 


«-45 

101.15 

6.15 

3.00 

101.00 

6.30 

3.15 

101.05 

6.45 

2.30 

lOI.I 

7.00 

a.45 

101.25 

7»5 

3.00 

101. 2 

7.30 

3.15 

101.05 

7-45 

3.30 

100.9 

8.00 

3.45 

101.3 

8.15 

4.00 

100.65 

8.30 

4.15 

100.69 

«.45 

4.30 

101.05 

9.00 

4.45 

100.90 

9»5 

5.00 

100.65 

9.30 

5.»5 

100.80 

9-45 

530 

101.05 

10.00 

5-45 

101.00 

10.15 

6.00 

100.80 

10.30 

100.75 

100.70 

100.95 

100.70 

100.75 
100.85 
100.85 
100.80 
100.90 
100.65 
100.50 

100.75 

100.40 

100.35 

100.60 

100.40 

100.45 

100.60 


10.45 

11.00 

11.15 

11.30 

"45 
13.00 

13.15 

12.30 

12.45 
1.00 

1.15 
1.30 

»-45 
3.00 
3.15 
3.30 

a.45 
3.00 


ioa65 
100.85 
100.90 
100.70 
ioa85 
100.70 
100.55 
100.30 
100.75 
101.35 
100.35 
100.80 
100.95 
100.20 
100.35 
100.45 
100.45 
100.65 


3.15 
330 

3-45 
4.00 

4.»5 
4-30 

4.45 
5.00 

5.«S 
5.30 

5.45 
6.00 
6.15 
6.30 

6.45 
7.00 

7.»5 
7.30 


100.70 
100.45 
100.60 
100.40 
»oo.35 
100.35 
100.55 
100.55 
100.15 
99.85 
100.45 
10a  60 
100.30 
100.40 

99-3» 
100.15 

100.85 

101.05 


8.00 

8.15 
8.30 

8.45 

9.00 

9.1s 


101.00 

101.05 

101.85 
101.90 
101.80 
101.60 
101.00 


Total,     9.7S5-79 
Av.»  100.88 


Indies  of 
tnerciuy. 


Duty  Test  on  tkt  Cluitnut  Hill  Pumping  Engine. 
LEVEL  IN  CHAMBERS  ABOVE  MARK.    No.  i6. 


TEMPERATURE  CONDENSING  WATER  AND  CONDENSED  STEAM.     No.  18. 
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Edward  F.  Miller. 
CALORIMETER. 


READINGS   FOR   STATION   NO.  18. 


1 

E 

1 

2 

if." 

£ 

Sf? 

i-A 

i"^ 

S?      . 

5=^ 

1 

n 

III 

1 

1^ 

||J 

1 

|1 

h" 

10- 4! 

7-5 

„g 

j^ 

1.' 

■)' 

j^ 

II' '1 

3,00 

■S" 

1 

E 
1 

1-V 

10.30 
I]« 

3 

.38 

lift 

i' 

J 

1 

5* 

S.Jo 

H6 

1.6 

lis 

S4 

ij 

4B 

11 

«-J" 

1; 

in 

j; 

Av., 

413'' 

It 

'S6 

» 

ij- 

.48 

" 

Duty  Test  on  the  Chestnut  Hill  Pumping  Engine,  lOl 


JACKET  TESTS.    May  2. 


Tune. 

Reading.                Di£F< 

»rence. 

Time. 

Reading. 

Difference. 

Engine  Stopped. 

Engine  Running. 

h.  m.  %, 

h.  m.  s. 

I,  14,  0 

0.4S 

.  •• 

II,  4<i'  II 

0 

30 

I,  15,  10 

1.00 

55 

la,    2.  50 

3.0  cu.  ft. 

1.0 

I,  Jl,0 

1.73 

73 

la,    6,  30 

4.0 

1.0 

>r  a4f  0 

1.88 

«5 

",    9.4 

y^ 

3.« 

I,  a8,  0 

a.13 

>S 

«2.  »0,  5 

8.  a 

1.8 

«•  '341  0 

a.37 

34 

»»!  a?.  17 

10.0 

Opened  valve  to  blow  ouC 

>i39>o 

a.6a 

•5 

12.  2i>,  0 

.03 

Valve  dosed. 

«i44»o 

a.83 

ai 

la,  34,  ao 

I.O 

.97 

«.5«iO 

3.1a 

89 

".  .lS.  55 

a.o 

I.OO 

«.  54,  0 

3.a4 

la 

la,  4a,  a^ 

30 

1.00 

12,47.34 

40 

I.OO 

a 

•79 

«a,  59.  49 
I.     4,  25 
»•    9,  30 

8.0 
9  45 

4.00 

I.OO 

0.45 

.065  average  for  i  rain. 

For  39  min.,  8.30  to  9.09  =  a.5  cu.  ft 

a.5Cu.fL  X  54-41  lbs.  =  136  lbs. 


Total,  78'-3ft".    Total,  19.4a  cu.  ft 

Av.,  .a47  cu.  ft.  per  min. 

Jacket  steam  in  1,457  min.  total  engine  time  =  360  cu.  ft 

Total,  360  cu.  ft.  at  54.41  lbs.  =  19,587  lbs. 


Time. 


11',  ao" 
41'.  ao" 


30  mm. 


54.  50 

5.  40 

6,  15 


34,45 
a5.  »5 

46,  15 

47.30 


8,30 


II,  20 


76,  30 


35 


30 


75 


30 


LOW   JACKET  TEST. 
Engine  Stopi)cd. 


Reading. 


Difference. 


.20 
1.03 


■^l 


Engine  Runnin;;. 

.ao 
1.00 

.iS 

I.OO 

.14 
1.04 

.07 

I.OO 

.14 

.ao 


.80 


.Sa 


.90 


•93 


.06 


170  sees. 


73 '-40"  =  time  running.    3.51  cu.  ft. 


I02 


Edward  F,  Miller, 


STEAM  IN    SMALL  ENGINE.    No.  2a 


Time  steam  turned 
in. 

Weight  of  cold  water. 

Weight  of  hot  water. 

Time  iteam  shut  off. 

Weight  of  steam. 

8.3» 

».«44 

1,176 

10.00 

32 

10.07 

1^6 

1,068 

"37 

42 

11.45 

1,063 

1,107 

1.15 

44 

i.ai 

i.iiS 

1,161 

3.01 

46 

3.07 

1,09a 

1,138 

4.31 

46 

4.37 

1,040 

1,090 

6.1a 

50 

6.x8 

1,043-5 

1,092 

7.48 

48.5 

7.54 

>»oS4 

1,117 

9-54 

63.0 

X0.01 

1,091 

1,142 

XX.31 

Si.o 

11.37 

1,079 

1,130 

1.07 

51.0 

1.14 

»,095 

1,136 

2.44 

41.0 

a.51 

1,137 

1,180 

4.ai 

43.0 

4.28 

i,x5S 

1,206 

5.58 

51.0 

6.07 

1,064 

1,114 

7.37 

50.0 

7.45 

ifOai                ' 

1,063 

9*5 

42.0 

700.5 

700.5  pounds  in  23.3  hours. 
jaa  pounds  in  a4  hours. 


Duty  Test  on  the  Chestnut  Hill  Pumping  Engine,  103 


DRIPS. 


SiPAKATOR. 

First  Rscxivsr. 

Sbcond  Rbouvbr. 

JS 

• 

► 

i 

• 

1 

• 

> 

• 

8 

V 

• 

JJ 

• 

1 

• 

c 

• 

Jf 

•M 

c 

M 

> 

le 

E 

§ 

^ 

m 

^ 

X 

^ 

5 

H 

X 

2 

1— 

H 

X 

2 

S 

h.  m.  %. 

h.  m.  t. 

h.  m.  t. 

.60 

"S 

.45 

9,00 

•  •  •  • 

.19 

9,00 

•  •  •  • 

•a7 

9,00 

•43 

9.  i5 

•  •  •  • 

.40 

.31 

9.  t5 

•  •  •  • 

•35 

.08 

9f  IS 

1.0| 

.63 

10,  39,  10 

x.xo 

.70 

9.  a7i 
9.a8l 

t.03 

•67 

X3,  33,  5 

.13 

to,  39,  35 

.»7 

•as 

13,  34,  30 

I.OI 

.89 

13,  36 

X.IO 

•93 

9.  55 

t.oo 

•77 

3.  51,00 

.07 

13,  36,  40 

.19 

9.  55.  47 

.06 

3,  51.50 

1.07 

1.00 

a,  33,  30 

X.IO 

•91 

10,  34,  so 

1.13 

1.07 

7,  U,  30 

.08 

a,  33,  50 

.13 

10,  25,  30 

.to 

7i  14.  as 

1.1$ 

1.07 

4,  50.  «5 

X.IO 

•98 

10,  56,  35 

t.IO 

x.oo 

10,  41,  10 

.09 

4,  5».  »o 

.16 

xo,  57,  10 

•«5 

to,  43,  to 

s.xx 

i.oa 

7.  »7i  00 

X.IO 

•95 

11,25 

1. 14 

•99 

II  55.00 

.«5 

7,  18,  00 

.08 

It,  35,40 

.05 

t,  56, 30 

1. 10 

•95 

9»  40,  50 

x.xo 

1.03 

It,  54,  40 

t.14 

X.09 

5,  04,  to 

.to 

9t4i,40 

.«3 

ii>55.  a5 

.05 

5,  05,  30 

X.I8 

1.08 

11,58,00 

X.IO 

•97 

U,  23.  45 

t.IO 

1.05 

7.  56,  40 

.10 

XI,  59,  00 

.05 

ia,a3,35 

.19 

7»  57,  45 

Z.I8 

.20 

i^ 

3,  30.  »a 
a,  30,  40 

I.I6 

.05 

I. It 

",  57,  30 
13,  58,  40 

.68 

.68 

•49 

Q,  «S 

S.I8 

.09 

.98 

4»  43,  30 
4.  44i  30 

X.I3 

.07 

X.08 

t,  39,  30 
t,  30.  30 

.80 

.13 

9,36 

1.09 

.08 

x.oo 

7,  36,  00 
7.  a7,  50 

X.XX 

.06 

1.04 

>,  47.  a3 

I,  48,  10 

.63 

.63 

•55 

9.  15 

1. 13 

.08 

1.06 

a,  26,  43 
a,  26,  30 

.63 

0 

9,36 

1. 13 
I. to 
X.IO 
X.XX 

I.I6 

1. 13 
t.I3 

.10 
.10 
.05 
.16 
.It 

.13 
.13 

1.04 
1.00 
I  00 
1.06 
t.oo 
I. ox 
1.00 

a,  45.  35 
a,  46,  15 
3.  a2,  30 
3,  a3.  10 
3t  49.  10 

3,  50.  00 

4,  ao,  45 
4.  ai.  30 
4,  48.  00 

4.  48.  45 

5.  «7.  00 
5»  17.  40 
5.  45.  30 
5.  46,  15 

I04 
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DRIPS.  —  Continued. 


First  Rbcbivbr 

• 

First  Rbcbivrr 

Low  Jacket. 

m 

• 

1 

• 

i 

• 

« 

> 
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• 

1 

• 

i 

ji 

1 

• 

•^ 

u 

e 

• 

« 

2! 

, 

•& 

s 

\ 

E 

High 

> 

^ 

I 

X 

i 

2 

H 

h.  m.  8. 

h.  ni.  %. 

h.  m.  8. 

I.I3 

I.OI 

6,  13,  00 

.«3 

9,00 

.12 

6,  13 •  40 

.97 

.91 

a.  3a.  10 

.70 

.57 

9.  »5 

i.i6 

1.04 

6,  40,  30 

.09 

2.  32,  50 

1. 10 

.40 

9.  23,  20 

.15 

6,  4»,  05 

X.16 

x.07 

2,  59.  42 

.02 

9,  23,  55 

Z.14 

.90 

7.  07.  15 

•05 

3.  00,  IS 

Z.IO 

Z.08 

9.  46,  55 

.06 

7.  o7»  45 

1. 13 

x.08 

3,  28,  00 

•05 

9,  47.  25 

1. 15 

1.09 

7»  3».  10 

.06 

3»  29,  30 

1. 10 

X.05 

JO,    9.  35 

.12 

7,  38,  45 

1. 14 

x.08 

3.  55.  40 

.02 

xo,  xo,  5 

x.iS 

1.03 

7i  05.  30 

.08 

3,  56,  45 

I.XO 

x.08 

>o,  27,  45 

.11 

7,  06,  10 

I-I5 

1.07 

4.  23,  OS 

.10 

10,  28,  14 

1. 13 

1.02 

8,  33.  40 

•OS 

4,  »4,  00 

x.xo 

x.oo 

10,  54,  10 

.20 

8,34,15        »M      1 

1.09 

4.  50,  40 

.14 

»o,  54,  40 

1.13 

.93 

8,41,  10 

.06 

4.  5»,40 

I.XO 

.96 

II,  14.45 

.10 

8,41,50 

x.09 

5,  18,  10 

.«4 

XI,  15,  16 

1.16 

1.06 

8,  58.  30 

1 

.08 

5.  »9.  10 

X.I2 

.98 

II,  26 

.08 

8,  59.  10 

x.07 

5.  51.  «o 

.12 

II,  26,  56 

1.14 

106 

9.  a7»  05 

.07 

5,  52,  08 

x.xa 

x.oo 

".  57,40 

.11 

9.  27,  45 

1.07 

6,  14,  35 

.15 

II,  58,  20 

1. 16 

1.05 

9.  55i  30 

.09 

6,  16,  00 

X.XO 

.95 

12,  18,  vo 

.11 

9.  56,  25 

x.03 

6,  39.  35 

.»5 

12,  18,  40 

1. 16 

1.0s 

10,  25.  20 

•07 

6,  40,  40 

1. 12 

.97 

12,  20,  17 

.10 

10,  26,  0 

1.07 

7.  07,  30 

.11 

12,  20,  47 

1. 16 

X.06 

»o,  55.  50 

.06 

7,  08,  30 

X.II 

I.OO 

I.    I,  40 

.13 

xo,  56,  50 

x.08 

7.  34,  05 

.11 

I,    2,  10 

X.14 

x.ox 

XI,  25,  00 

.06 

7.  35,  M 

z.xx 

x.oo 

1.23 

.08 

11,25,40       I.X4 

x.08 

8,00,30 

.09 

I,  23.  32 

i.«3 

x.os 

II,  52,  30  1 

•07 

8,  01,  21 

X.IO 

I.OI 

1.44,45 

.09 

11,53,20:     X.16 

X.II 

8,  27,  25 

.06 

1,45,  «5 

1.13 

1.04 

12,  20,  00 

.05 

8,  28,  30 

1. 15 

1.09 

2,    8,  so 

.07 

12,  20,  SO 

X.08 

1.03 

8,  52,  22 

.07 

2.    9,  17 

1.16 

X.09 

1».  4*^05 

•04 

8.  S3.  15 

X.II 

1.04 

2.  3i»3 

.10 

12,  49.  50 

.51 

•47 

9,  06,  10 

.08 

2,31,  30 

X.13 

X.03 

I,   17,00 

.07 

9.06,  34 

Z.IO 

1.02 

2,  52.  30 

.IS 

I,  17.  50 

•35 

.28 

9,  15 

.07 

2,  54.  10 

1.14 

•99 

I.  42.  48 

•35 

•  •     •  • 

x.xa 

1.05 

3,  IS.  30 

.07 

I.  43.40 

•40 

.05 

9,  26 

.09 

3.  16,  0 

1.14 

.08 

X.07 

2,  09,  03 
2,  09.  50 

X.IO 

.09 

I.OI 

3.  37, 5 

3.  37.  35 
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Vi^l?^,  — Concluded, 


Low  Jackst. 

Low  Jackbt. 

lA)W   J 

ACKBT. 

m 

I 

■i 

1 

• 

• 

1 

• 

• 

1 

• 

> 

• 

^ 

& 

• 

V 

Ji 

n. 

• 

%f 

JS 

1 

• 

s 

I 

J3 

i 

J3 

I 

I 

h.  m.  8. 

h.  in.  s. 

h.  m.  %, 

i.ia 

1.03 

3,  59i  15 

1. 14 

X.06 

11,55.35 

1.14 

1.09 

8,  04,  OS 

.oa 

3,  59t  45 

.08 

11.56,2s 

.05 

8,  04,  5a 

1. 16 

1. 14 

4.  a5.  00 

1. 12 

1.04 

12,  i8,  05 

1. 14 

1.09 

8,  29,  20 

.10 

4,  a6,  15 

.08 

12,  18,  45 

.06 

8,  30,  10 

1.18 

1.08 

4,  50,  00 

I.I2 

t.04 

12,  40,  30 

1. 12 

1.06 

8,  54,  00 

.09 

4.  50*  35 

.10 

12,41,  10 

.10 

8,  54.  50 

i.ia 

t.03 

5,  12,  10 

1. 12 

X.02 

I,  02,  10 

.64 

•34 

9.  07,  40 

.03 

5»  i»,  50 

.10 

I,  02,  40 

.07 

9,08,08 

s.ia 

1.09 

5,  3N  5 

I.I2 

1.02 

I,  44.  40 

.41 

.34 

9.  IS 

.03 

5.  36.  50 

.09 

I.  a5«  40 

.4« 

•  •  •  • 

1.17 

1.14 

6,  oif  20 

I.I3 

1.04 

I,  48,  10 

1.06 

.6$ 

9^6 

I.I3 

.08 

*     f\A 

6,  02,  00 
6,  24,  OS 

.07 

I,  49,  15 

4         ■   V         4^ 

1.04 

1. 14 

1.07 

a.  II,  a9 

.07 

6,  24,  35 

.06 

2,  12,  05 
a,  33,  38 

1. 13 

X.06 

6,  47,  00 

1.09 

1.03 

.13 

6,  47,  35 

.06 

a,  34.  '4 

I.15 

.xo 

i.oa 

7,  10,  00 
7,  10,  30 

1. 14 

.05 

1.08 

a,  58,  a3 
a,  59,  10 

I.I4 

.08 

1.04 

7,33,  «5 
7,  33,  55 

1. 14 

.06 

I.09 

3,23,  10 
3,  23.  56 

x.ia 

.xo 

1.04 

7,  S^  20 
7,  57,  of» 

1. 14 

.05 

1.08 

3.  47.  00 
3,47,38 

1. 12 

•09 

I.oa 

8,  13.  55 
8,  14.  05 

1. 14 

.05 

1.09 

4,  II.  46 
4,  12,  20 

J. 14 

.05 

1.05 

9,  04,  30 
9.  05,  00 

1. 14 

.07 

1.09 

4,  36,  35 
4,  37.  20 

1. 17 

.05 

X.II 

9.  a9,  35 
9,  30,  ao 

I.14 

.04 

1.07 

S,  01,0s 
S,  02,00 

x.ia 

.08 

1.07 

9.  53,  40 
9,  54,  50 

1.14 

.06 

1. 10 

5.  26,  IS 
5,  27,  23 

1. 18 

.08 

I.XO 

10,  23,  20 
10,  34,  20 

1. 18 

.OS 

1. 12 

5.  53.00 
5.  53,  %f> 

x.ia 

.04 

1.04 

10,  46,  cx> 
10,  46,  5b 

I.14 

.07 

1.09 

6,  14,  so 
6,  IS,  30 

I.ia 

.10 

1.08 

10,  09,  40 
10,  10,  15 

1. 14 

.05 

1.07 

6,  43,  40 
6,  44,  35 

x.ia 

.08 

x.oa 

II,  3'.  45 

1. 14 
1. 14 

.04 
.OS 

1.09 

I.XO 

7,  09,  40 
7.  10,  42 
7.  36,  52 
7.  38,  15 
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WOOD   FIRED,  ASHES,  Etc.    No.  20. 


E 


i 


1 

i 

i 

1" 

0 

1 

3 

•M       • 

•M 

ght  0 
d  coal 

J3 

•3 

Time  of 
rows. 

• 

s 

v  5 

|e 

E 

« s 


p- 

bS 

1 

i 

^:S 

•s 

Weight  of 
and  coal. 

Weight 
fired. 

Weight  of 
rows. 

8.30 
8.30 
9.00 
9.00 
9.30 

930 

10.00 

10.00 

10.30 

10.30 

11.00 

11.00 

11.30 

11.30 

12.00 

la.oo 

12.30 

12.30 

1. 00 

i.oo 

i.30 

1.30 

a. 00 

a. 00 

2.30 

a. 30 

3.00 

3.00 

3.15 
3»5 
3.30 
3  30 
4.00 
4.00 
4.30 


401.5' 
»i7i7 

».744 

1,196 
1,072 

845 
1,566 


1,212 


1.698 

1.473 
I, III 

1.543 

»,<73 

908 

1.659 
1,450 

1,085 


692 

J.255 

1.025 
489 

«.7i7 
1,744 

1,196 

59 

1,072 

"4 

845 

"7 

692 

153 

1.566 

I,2t2 

354 

692 

520 

1,698 

1.473 

225 

I, III 

362 

692 

419 

1.543 

».i73 

370 

908 

*65 

692 

216 

1,659 

i^»5o 

209 

1.085 

365 

692 

393 

8.30 
9.00 


11.30 


12.30 


2.00 


4- so 
5.00 

5.30 
6.00 
6.00 
6.00 
6.30 

7.00 

7.30 
30 
00 


I 


3-00 


8.30 

8.45 

8.45 
9.00 

9.30 

10.00 
10.00 
10.30 

11.00 

11.15 
11.27 
11.30 

12.00 

12.30 

1.00 


».57S 

«,429 

992 

«.S7S 

i,a97 

994 

1,674 

1.304 
955 
1.633 
1.538 
'.«55 
1.653 
i.»77 
946 
1,688 
1,638 
1,31a 
1. 01 5 


i.4a9 
99a 
692 

«.a97 
994 
692 

X.304 
955 
692 

1.538 

».»55 
841 

«,a77 
946 
692 

1.638   j 

«f3»a    I 

! 

1.015 
692 


146 

437 
300 
278 

303 
302 
370 

349 
263 

95 
383 
314 
376 
33 « 
254 

50 
326 
297 
323 


«,575 


»,575 


1.674 


1.633 


1.653 


1,688 


4.30 


6.00 


7.30 


8.45 


10.00 


ii.a/ 


^401.5  =  pounds  of  wood. 
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WOOD   FIRED,  ASHES,  Etc.     No.  20,^  Continued, 


» 

rrow 
any. 

1 

1 

1 

f^ 

1 

i 

3«M 

0 

3 

J 

JS» 

•3 

31 

!| 

JS, 

■3 

Ti 

t  of 
coal, 

• 

1 

l1 

|1 

0^ 

|i 

• 

|i 

fl 

"1 

p 

^* 

^* 

^ 

* 

H 

P 

^ 

^ 

^ 

»,44a 

1.44a 

1.03 

M59 

X.30 

1,018 

434 

8.30 

962 

a97 

i,oiS 

1 

962 

S.OO 

692 

3a6 

9.00 

774 

188 

a.05 

1,566 

1,090 

476 

1,566 

2.05 

a.30 

1,090 

3.00 

865 

865 

225 

3.1a 

i.7«4 

69a 

»73 

i,7«4 

3.»S 

3.30 

«»576 

x,576 

138 

4.00 

1,165 

1,165 

4»x 

4.30 

84a 

84a 
69a 

3*3 

150 

4.47 

1,663 

1,662 

4.47 

5.00 

«»4I7 

»,4i7 

a45 

5.30 

«.o37 

i»037 

380 

5.4s 

8a3 

823 

ai4 

5.49 

i»587 

69a 

»3i 

',587 

5.50 

6.00 

1.387 

1.387 

200 

6.30 

1,164 

1,164 

aa3 

7.00 

903 

261 

7.19 

903 
x,7a5  • 

69a 

211 

i»7a5 

7.23 

7.30 

'»536 

1,636 

89 

8.00 

».a59 

377 

Total,  16,734  •\-  161  =  16,895  pounds  fired,  including  wood. 


Coal  and  Ashes  (from  grate). 


Weight  of  barrow 
No.  z,  and  refuse. 

Weight  of  barrow 
No.  I,  empty. 

1 

Tk:« «    .  Weight  of  barrow     Weight  of  barrow 

Difference.       ^^^^  ^^^  ^^^^^             ^^  ^^  ^^^^^ 

Difference. 

248 

138 

no                           203.5 

89 

114.5 

From  under  the  grate. 

Weight  of  barrow 
No.  I,  fuU. 

Weight  of  barrow 
Wfo.  I,  empty. 

Difference. 

Weight  of  barrow 
No.  2,  fuU. 

Weight  of  barrow 
No.  2,  empty. 

Difference. 

300 

285 

385 
288.5 


138 
138 
138 
138 


162.0 

147.0 
147.0 
150.5 


a33 

238.5 
252-5 


89 
89 
89 


144.0 
M9.5 
163. 5 


Total  weight  from  grate  224.5  pounds,  \  of  224.5  considered  good  coal  =:  56.0  pounds. 
Total  weight  from  ash-pit  1,063.5  pounds,  ^  of  1,063.5  good  coal  =  63  pounds. 


io8 


Edward  F,  Miller. 


BAROMETER  TEMPERATURES.     No.  24. 
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oy 
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00 
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w 
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u    . 

9  C 

a  w 

3   3 

•rf  ? 

•*  s 

»: 

M  5 

u 

"  8 

u 

i 

S.& 

E 

1 

^1 

«*  0 

e 

S 

ft 

H 

CQ 

H 

H 

P 

n 

H 
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9.00 

9.15 
9-30 

9-45 
10.00 

10.15 
10.30 
10.45 
11.00 
II. 15 
11.30 

11.45 

I3.00 
12.15 
ia.30 

".45 

I. 00 

I.15 
1.30 

1-45 
2.00 
2.15 
2.30 

2-45 
3.00 

3.15 
3.30 

3.45 
4.00 

4.»5 
4.30 
4-45 
5.00 

5.»5 
5.30 

5-45 
6.00 


30.27 


30.30 


30.30 


30.29 


30.29 
30.29 


No.  62^54 
Cor. 

0°-0.2 
IO0O-O.3 
22.1 
25.0 
25.0 
26.5 
26.8 
26.8 
27.0 
26.8 

«7.3 
27.2 
26.8 
26.8 
26.8 
27  o 
27.1 


25.2 


36.8 


25.6 
26.0 

25.5 
255 


25.2 


No.  61,501 
Cor. 


loo"- 


,1 

3.0 


I. 


8.7 

.2 

•9 
9.0 

9-3 
9.8 

9.8 
10.3 
10.5 
10. 1 
10.0 

lO.O 

9.6 

9-4 
9.0 

9-7 

1.1 


7.0 
6.8 
6.8 

6.7 
6.5 


6.15 

30.29 

24.9 

6.0 

6.30 

30.29 

a5.3 

6.0 

6.45 

5.9 

7.00 

26.0 

5.8 

7-«5 

26.2 

5.6 

7.30 

26.1 

5.6 

7.45 

30.29 

5.0 

8.00 

24.8 

4.a 

8.  IS 

30.29 

244 

4.» 

8.30 

3.8 

8.45 

30.29 

25.2 

3.0 

9.00 

30.29 

25.6 

2.6 

9.15 

2-4 

9.30 

25-3 

2.4 

9.45 

25.3 

2.0 

10.00 

2.6 

10.15 

30.27 

2.2 

10.30 

24.5 

1.8 

»o.45 

24.  S 

2.0 

11.00 

30.26 

1.5 

11.15 

1.2 

11.30 

24.6 

0.8 

11.45 

*4-3 

0.8 

12.00 

30.25 

1.5 

12.15 

30.25 

1.0 

12.30 

24.1 

1.2 

12.45 

JO.  25 

*3-5 

0.7 

1.00 

0.5 
0.8 

1.15 

1.30 

30.25 

»3.4 

0.7 

1-45 

23.9 

0.2 

2.00 

30.14 

0.2 

2.15 

0.0 

2.30 

24.0 

0.1 

a.45 

J0.24 

235 

0.0 

3.00 

0.0 

3.15 

—  0.2 

3.30 

30.23 

23.0 

—0.5 

3.45 

21.9 

—0.3 

4.00 

30.23 

—  0.8 

4-J5 
4.30 

4.45 
5.00 

5.>S 
5.30 

5-45 
6.00 
6.15 
6.30 

6.45 
7.00 

7»5 
7.30 

7.45 
8.00 

8.15 
8.30 

8.45 
9.00 
9.15 


Total, 
At., 


30.23 

21.0 

21.5 

30.23 

21.6 

30.23 

20.1 

30.24 

21.9 

30.25 

23.0 

24.0 

30.25 

24.0 

25.0 

30.23 

25.0 

907.61 

1,381.7 

30.25 

»4«7 

-0.2 
.0.1 

•0.4 

-ai 

■0.2 

0.0 

0.2 

i.o 

'•5 
2-5 
31 
3-9 
4.8 

5« 
5-3 
6.9 
6.9 

75 
8.0 

8.1 

8.9 


405.6 
4.2 
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BOILER  WATER  AND   MAKE-UP.     No.  19. 
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55 

Ni4 
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1 

1,146 

87s 

^^l 

9.15 

815 

390 

425 

9.15 

935 
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I°I 

•  •  •  • 

ii353 

370 

983 

930 

1,310 
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718 
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9.45 

«iS05 

4^7 
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10.15 

1.247 
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872 

10.00 

ifSii 

4*5 
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10.45 

'.404 

418 

986 

10.30 

«»35« 

4" 

940 

11.00 

1.515 

386 

1,129 

10.50 

«.ao5 
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800 

II. 15 

»t45o 

387 

1,063 

11.10 

1,510 

409 

1,101 

11.40 

».3»3 

372 

941 

11.25 

1,510 

416 

«.094 

12. 05 

«.533 

'^^ 

T.I43 

11.45 

«.47o 

4i9 

1,051 

12.30 

i»523 

1,140 

12.15 

«.047 

4^7 

620 

12.40 

821 

380 

44« 

12.35 

i,3» 

43a 

889 

12.50 

1,219 

384 

835 

12.45 

1,51a 

4*9 

1,083 

1. 10 

1,560 

360 

1,200 

"2.5$ 

«.485 

7ao 

765 

»-45 

1,526 

7'* 

808 

1.30 

1,500 

4»7 

1,083 

2.00 

1.551 

381 

1,170 

1.50 

1,090 

43" 

658 

2.10 

853 

390 

463 

a.05 

^A¥> 

^l 

1,018 

2.20 

942 

367 

575 

a.  15 

1,512 

738 

774 

2.35 

1.538 

37« 

1,167 

2.30 

».56S 

43a 

»»»33 

305 

'»542 

1,209 

333 

2.5$ 

1,51a 

4»7 

>t095 

3-25 

1.653 

374 

»,279 

3.10 

•  •  •  • 

•  ■  •  • 

•  •  •  • 
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1,516 

377 

1,139 
1,178 
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1,51a 

4a  « 

1,091 

340 

1,548 
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3-55 

i»4» 
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1,007 

4.10 

1,520 

373 

I1147 

4-25 

«.S65 
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1. 157 
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1,563 
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4.40 

«»505 
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4-45 

«,550 

780 

770 

4.50 

«fS07 
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1,036 

5.10 

»,633 

393 

1,240 
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1.232 
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I, lot 
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1,636 
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70 
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1.705 

1,540 
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7.25 

«.57o 

47$ 

'.095 

7.30 

1,635 

565 

1.070 

8.00 

1,500 

7«9 

771 

7.50 

1,632 

363 

1,269 

«»507 

463 

»,044 

8.05 

»,»77 

385 

792 

S'5 

I.OS5 

43a 

603 

8.20 

890 

397 

493 

8.25 

ifMS 

434 

721 

8.30 

1.556 

392 

1,164 

8.40 

no 
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BOILER  WATER   AND   MAKE-UP.     No.   \f^  ^  Concluded, 
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Water  weighed  for  boiler  for  entire  test  on  boiler,  including  make- 
vp=:  151,060  lbs. 
Leakage  of  feed  pump  =  1.440. 
Total  water  fed,  149,620  lbs. 
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7,535  =  make-up  during  24  hours  engine  test. 
997  ^  make-up  before  engine  started. 

8,532  =  total  make-up  24.93  hours. 
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WEIGHT  OF  COAL,  BOILER  PRESSURE,  Etc.     No.  20. 
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ENGLACIAL     DRIFTS 

By  W.  O.  CROSBY,  S.B. 

Received  April  15,  1896. 

Introduction. 

Among  the  unsolved  problems  of  glacial  geology  none,  perhaps,  are 
more  important  or  pressing  at  the  present  time  than  the  relative  abun- 
dance and  significance  of  the  englacial  drift.  Although  this  subject 
has  received  its  due  share  of  attention  in  the  recent  literature  of  the 
science,  the  views  of  the  leading  glacialists  are  still  strongly  con- 
trasted. Thus  Chamberlin  and  others  hold  that  the  englacial  drift 
was  exceedingly  scanty  in  amount,  consisting  chiefly  of  a  few  far- 
traveled,  angular,  and  unglaciated  bowlders  now  scattered  over  the 
surface  of  the  drift ;  while  Upham,  the  foremost  exponent  of  the 
opposing  theory,  finds  in  the  englacial  drift  the  chief  source  of  all 
the  manifold  forms  of  modified  drift  and  also  of  drumlins. 

The  arguments  of  those  who  minimize  the  englacial  drift  are  based 
chiefly  upon  the  local  character  of  the  drift,  the  supposed  paucity  of 
englacial  drift  in  modern  glaciers,  and  the  mechanical  difficulty  of  ac- 
counting for  a  diflFerential  upward  movement  in  the  ice-sheet  whereby 
large  volumes  of  basal  drift  or  ground  moraine  became  englacial.  The 
cogency  of  these  arguments  is  beyond  question  ;  and  a  careful  study 
of  the  recent  literature  satisfies  me  that,  as  the  case  now  stands,  the 
onus  probandi  may  fairly  be  said  to  rest  upon  those  who  regard  the 
englacial  drift  as  an  important  factor  in  Pleistocene  geology.  Still, 
the  englacial  drift  accounts  so  satisfactorily  for  far-traveled  erratics, 
and  the  derivation  from  it  of  the  modified  drift  is,  theoretically,  so 
relatively  direct  and  simple,  that  faith  in  its  sufficiency  cannot  be 
lightly  relinquished. 

In  his  recent  paper  on  the  **  Discrimination  of  Glacial  Accumula- 
tion and  Invasion,**  2  Upham  has,  it  seems  to  me,  made  a  substantial 


*  Reprinted  from  American  Geologist,  17,  No.  4,  April,  1896. 

•  Bull.  Geol.  Soc.  of  America,  6,  343-352. 


ISO 


George  C,    Whipple. 


The  reduction  of  light  in  passing  through  water  is  supposed  to  fol- 
low  the  law  that  as  the  depth  increases  arithmetically  the  intensity 
of  the  light  decreases  geometrically.     For  example,  if  the  intensity  of 
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Fig.  I. 


the  light  falling  upon  the  surface  of  a  pond  is  represented  by  i,  and 
if  J-  of  the  light  is  absorbed  by  the  first  foot  of  water,  then  the  in- 
tensity of  light  at  the  depth  of  one  foot  will  be  J  ;  the  second  foot 
of  water  will  absorb  |  of  |,  and  the  intensity  at  a  depth  of  2  feet 
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Fig.  2,  which  shows  the  results  of  two  series  of  experiments  upon 
water  of  the  same  kind  located  in  Lake  Cochituate  and  Chestnut 
Hill  Reservoir.  The  former  had  a  color  of  0.33,  while  the  color  of 
the  latter  was  0.87.  The  difference  between  the  two  series  is  very 
striking.  In  the  light-colored  water  the  growths  were  heavier  and 
extended  to  greater  depths  than  in  the  darker  water.     Curve  No.  i 
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represents  the  growths  in  Chestnut  Hill  Reservoir,  and  Curve  No.  2 
those  in  Lake  Cochituate.  The  number  of  diatoms  in  the  original 
sample  is  shown  by  the  broken  line.  The  point  at  which  this  broken 
line  cuts  the  curves  may  be  called  the  limit  of  growth.  In  Lake 
Cochituate  this  point  was  at  a  depth  of  about  12  feet;  in  Chestnut 
Hill  Reservoir,  6  feet. 
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surface  water  on  one  day  was  y6^.  For  almost  a  week  the  water  was 
very  calm.  During  this  calm  weather  the  diatoms  settled  rapidly, 
disappearing  almost  entirely  from  the  surface.  In  the  meantime  the 
water  became  stratified,  on  account  of  the  high  temperature  of  the 
surface  layers,  and  when  once  more  the  wind  began  to  blow  its  in- 
fluence was  felt  only  10  or  15  feet  below  the  surface.  The  diatoms, 
having  settled  below  that  depth,  were  unable  to  rise,  and  consequently 
their  growth  ceased.  These  facts  are  illustrated  in  Fig.  5.  In 
Basin  III,  which  is  not  nearly  as  deep  as  Lake  Cochituate,  the 
growth  of  diatoms  was  arrested  during  the  same  warm,  quiet  pe- 
riod, but  inasmuch  as  circulation  afterwards  reached  to  the  bottom 
the  growth  began  again,  and  continued  until  the  next  warm,  quiet 
period,  which  occurred  in  June,  checked  it.  In  this  connection  it  will 
be  recalled  that  when  the  ice  forms  over  a  pond  the  diatom  growths 
usually  cease  (though  several  notable  exceptions  might  be  mentioned). 

Since  the  growth  of  diatoms  depends  upon  the  intensity  of  light, 
and  since  this  is  greater  in  colorless  than  in  dark-colored  waters,  we 
may  naturally  expect  to  find  the  most  extensive  growth  in  light-col- 
ored waters.  While  it  is  true  that  food  supply  is  quite  as  important 
as  light  for  the  growth  of  these  organisms,  yet  it  is  true  that  to  a 
certain  extent  the  light-colored  waters  do  show  the  greatest  tendency 
to  develop  diatom  growths. 

The  writer  has  recently  compared  the  diatom  growths  in  fifty- 
seven  ponds  and  reservoirs  of  Massachusetts,  as  given  in  the  reports 
of  the  State  Board  of  Health.  The  result  of  this  comparison  is  shown 
in  the  following  table.  From  this  we  see  that  most  of  the  heaviest 
growths  occur  in  the  light-colored  waters,  while  in  the  very  dark 
waters  there  are  few.  The  table  also  shows  that  high  chlorine,  high 
hardness,  and  high  nitrogen  are  favorable  to  their  growth.  In  other 
words,  an  abundant  food  supply  and  a  light-colored  water  are  among 
their  favorable  conditions. 
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m  ioo,ooa) 

Number  of  Ponds  and  Resenroirt  in 
which  Diatoms  are, — 

Cmbhkal  Analysis.    (Pasts 

Often  above  1,000 
per  cc. 

Occasionally  above 
1,000  per  cc. 

Usually  between 
100  and  500  per 
cc 

Always  below  100 
per  cc. 

Color 

0  to  a30 
030  to  0.60 

12 
6 

4 
2 

9 

4 

4 

(Nessler  Scale.) 

0 

060  to  1.00 

6 

1 

5 

1 

1.00  to  

0 

1 

1 

1 

Excess  of  Chlorine 

0 

4 

2 

1 

2 

.01  to  .03 

8 

1 

8 

2 

.0*  to  .25 

8 

3 

10 

2 

.25  to  — 

4 

2 

0 

0 

Hardness 

0  to  0.5 

2 

1 

3 

3 

0.5  to  1.0 

7 

4 

5 

2 

1.0  to  2.0 

8 

0 

10 

1 

2.0  to  — 

7 

3 

1 

0 

Nitrogen  as  Albuminoid  Ammonia, 
(In  solution.) 

0  to  .0100 
.0100  to  .0150 

2 
6 

0 
1 

2 
5 

1 
3 

.0150  to  .0200 

8 

6 

7 

1 

.0200  to  

8 

1 

5 

1 

Nitrogen  as  Free  Ammonia  .     .     . 

0  to  .0010 

3 

2 

5 

3 

.0010  to  .0030 

6 

1 

10 

2 

.0030  to  .0100 

8 

5 

4 

1 

.0100  to  

7 

0 

0 

0 

Nitrogen  as  Nitrates 

0  to  .0050 

3 

3 

5 

6 

.0050  to  .0100 

11 

3 

13 

0 

.0100  to  .0200 

6 

1 

1 

0 

.0200  to  

4 

1 

0 

0 

l6o  George  C,    Whipple, 

The  writer  has  avoided  reference  to  particular  genera,  for  the 
reason  that  the  experiments  were  hardly  extensive  enough  to  draw 
any  general  conclusions.  The  fact  was  noticed,  however,  that  differ- 
ent genera  require  different  amounts  of  light  for  their  best  growth. 
Melosira,  for  instance,  do  not  require  as  much  light  as  Synedra.  In 
Experiment  No.  2  Melosira  were  found  growing  at  a  depth  of  10 
feet.  In  this  connection  it  is  interesting  to  note  that  Melosira  sink 
in  the  water  more  rapidly  than  many  of  the  common  diatoms.  It  is 
very  seldom,  even  during  a  vigorous  growth,  that  they  are  found  more 
abundant  at  the  surface  than  at  greater  depths.  It  may  be  that  on 
account  of  their  tendency  to  sink  in  the  water  they  have  gradually 
become  adapted  to  their  dark  environment,  and  are  able  to  get  along 
with  less  light  than  other  diatoms.  Asterionella,  on  the  other  hand, 
is  slow  in  settling.  Even  in  quiet  weather  it  is  found  most  abun- 
dant at  the  surface.  This  genus  is  known  to  be  slightly  motile, 
and  it  may  be  that  when  supplied  with  a  flood  of  light  its  power  of 
heliotropism  becomes  sufficient  to  overcome  the  efifect  of  gravity. 

In  most  ponds  where  diatoms  flourish  different  genera  come  and 
go  in  a  most  irregular  manner;  they  develop  one  after  another  or 
they  all  grow  at  once ;  sometimes  only  one  genus  appears.  As  yet 
no  theory  has  been  advanced  to  account  for  their  erratic  succession. 
It  is  quite  possible,  however,  that  the  cause  may  be  found  to  be 
connected  with  their  motility,  their  relative  specific  gravity,  and  their 
sensitiveness  to  light. 

In  conclusion  the  writer  desires  to  express  his  obligations  to  Mr. 
W.  F.  Murphy  and  Mr.  C.  E.  Livermore,  who  have  kindly  assisted 
him  in  the  various  experiments. 
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EXPERIMENT  NO.    i. 

Sudbury  Water  located  in  Chestnut  Hill  Reservoir.    April  8-29,  1895. 

Temperature,  39-53®  F.    Color,  0.56. 


Datb. 


Dbpth. 


NUMBSR   PBK  CC. 


a 

•g 

V 

< 


7J 


0 

•a 


I 

CO 


■^ 

d 

^ 


1 


April  8 
April  29 
April  29 
April  29 
April  29 
April  29 
April  29 


All  depths. 

1  ft. 

5  ft. 
10  ft. 
IS  ft. 
20  ft 
25  ft. 


8 
110 
162 
0 
0 
0 
0 


0 

1 

1 

8 

0 

0 

4 

1.896 

16 

0 

0 

2 

54 

132 

2 

0 

0 

3 

0 

0 

0 

0 

2 

0 

0 

0 

0 

8 

0 

0 

12 

0 

6 

•0 

0 

18 

2.026 

352 

3 

2 

8 

18 


EXPERIMENT  NO.  2. 

Cochituate  Water  located  in  the  Chestnut  Hill  Reservoir.    April  29  to  May  13,  1895. 

Temperature,  53°-62°.    Color,  0.58. 


DATS. 


Dbpth. 


NUMBBR   PBR  CC 

• 

« 

9 

ij 

% 

.3 

• 

••§ 

• 

•5 

US 

< 

c 

s 

C/} 

e 

a 
>« 

(2 

■i 

o 
H 


April  29 
May  13 
May  13 
May  13 

May  13 
May  13 
May  13 


196 


11 


15 


910  20  22.010  550 

SO  10  .  6,800  '  120 

I  I 

650  '  26  '  4,510  284 
840  26  :  1,304  100 

I 

1,380  10  80   0 

132   0  88   28 


319 
27,530 
7,580 
5,850 
2,920 
1,624 
264 


1 62 
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EXPERIMENT  NO.  3. 

Cochituate  Water  located  in  the  Chestnut  Hill  Reservoir.    May  15  to  June  3,  1895. 

Temperature,  62°-68®.    Color,  0.57. 


Datb. 


Dbpth. 


NUMBBR   PBK  CC 


i 

i 


I 


:3 

i 


May  15 

May  20 
*( 

M 
«< 
(« 
(t 
(i 
M 
«* 

May  23 
i« 

«< 

« 

ti 

May  27 
ti 

t( 

u 

4( 
ti 

(( 

June  3 

«t 

<t 

tt 
fi 
« 
ti 
«i 
ti 


fi 
if 

if 
if 
ft 
ft 


All  depths. 
Surface. 

2  ft. 

4  •• 

6 

8 
10 
15 
20 
25 
Surface. 

2  ft. 

4   " 

6 

8 
10 
15 
20 
25 
Surface. 

2  ft. 

4   " 

6 

8 
10 
15 
20 
25 
Surface. 

2  ft. 

4  *» 


ft 

ii 

n 

ti 
tf 


it 

ii 
il 
it 
ti 
ti 


6 
8 

10 
15 
20 
25 


ti 

^^ 
it 
n 
ti 
it 


61 

1% 

108 

116 

88 

56 

0 

48 

16 

80 

140 

80 

572 

176 

256 

56 

60 

20 

12 

200 

0 

140 

70 

188 

60 

1(H 

40 

0 

170 

0 

0 

160 

SO 

80 

60 

50 


29 

28 

32 

56 

20 

8 

0 

24 

16 

36 

0 

0 

76 

36 

76 

56 

16 

0 

20 

0 

0 

100 


12 
12 
20 
36 
32 
24 
36 

8 
32 
2d 
40 
80 
48 
60 
48 
16 
20 

0 
24 
60 

0 
60 


50  '  90 
56  40 


92 
56 
32 
16 

0 
0 


8 
16 
16 
20 

•  • 

0 

0 


0  ,  20 

0  I  30 

120  50 

20  10 


80 
20 


20 
20 


17 

896 

1.408 

584 

288 

136 

220 

192 

204 

1(H 

9,340 

6,870 

3,464 

1,020 

500 

904 

376 

400 

152 

18,800 

10,100 

21,550 

4,580 

1,184 

1,256 

316 

404 

% 

•  •  •  •  • 

28.050 

88.600 

15,850 

14,250 

5,140 

1,830 

950 

70 


10 
104 
56 
80 
28 
24 

8 
28 
16 

0 
80 

0 

20^ 

104 

68 

24 

56 

0 

8 
40 
80 
290 
90 
160 
64 
16 

0 
16 

•  •  • 

40 

40 

110 

170 

0 

0  I 
10 
70 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
220 
0 
0 
0 
0 
0 
0 
0 
0 
20 
10 
0 
0 
8 
4 
0 
0 

•  •  a 

0 
0 
0 
0 
0 
0 
0 
0 


129 

1,236 

1,624 

872 

456 

248 

264 

3U0 

284 

240 

9,600 

7,250 

4,364 

1,396 

948 

1,056 

528 

420 

216 

19,100 

10.200 

22.150 

4,880 

1.628 

1.488 

512 

492 

148 

•  •  •  •  ■ 

28,260 

88,640 

15.980 

14.630 

5,390 

1,940 

1.120 

230 
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EXPERIMENT   NO.  4. 

Codiitnate  Waier  (from  depth  of  30  ft.)  located  in  Lake  Cocbitaate.    May  31  (o  June  7, 1895- 

Temperature,  64''''7o°.    Color,  D.29. 


EXPERIMENT  NO.  5. 
Sudbuiy  Water  located  in  (he  Chcamut  Hill  Reservoir.    Jar 
Temperature,  (r}''-7i°.    Color,  0.57. 


10  fl. 

IS  fl. 
20  ft. 
2S  ft. 
Surface. 
S  ft. 
10  ft. 
IS  ft. 
20  ft. 
IS  ft. 


776 

72 

0 

U2 

64 

6S 

192 

2S.000 

« 

0 

2,S70 

II 

210 

Iftl 

1) 

2f)X 

0 

'    1.330 

9.fiU0 

■    1.172 


I64. 


George  C.   Whipple. 


EXPERIMENT  NO.  sa. 
Cochitiiate  Water  located  in  the  Chestnut  HiU  Reservoir.    June  5  ti 
Temperature,  6J''-^t''.    Color,  0.57. 


Cochitaate  Water  (fn 


EXPERIMENT  NO.  6. 
n  depth  oE  6a  ft.)  located  in  the  Chestnat  Hill  ReKrrdr. 
0  July  36,  1895.    Temperature,  69^-77°.    Color,  asS. 


1 

i 

4 

0 

■m 

0 

s 

0 

4.4fl0 

0 

0 

140 

S6 

7.7. 

12 

« 

0 

12 

IS; 

{S! 

July 

July 
July 
July 
July 


All  depths. 

2i  ft. " 
S  ft. 
71  ft. 
10    (I. 

mfi. 
ir  ft. 

17if<- 
20  ft. 
25    ft. 


0    I     S 

0  0 

2  0 

0  0 

0  0 

0  0 

2  0 

0  0 

0  0 

4  0 
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EXPERIMENT  NO.  7. 

Reservoir  Water  located  in  Lake  Cochituate  and  Basin  3.    August  7  to  August  17,  1895, 
Temperature,  70^-78^.    Color :  Lake  Cochituate,  a28 ;  Basin  3,  a68. 


DBrm. 

NUMBSR  PKR  CC 

Datb. 

i 

§ 

•c 

< 

• 

1 

« 

1 

Si 

i 

• 

•s 

1 

1 

>• 

• 

1 

August  7 

All  depths. 

0 

0 

25 

0 

84 

3 

112 

Lake  Cochituate. 


August  17 
August  17 
August  17 
August  17 
August  17 
August  17 
August  17 
August  17 

August  17 
August  17 
August  17 
August  17 


Surface. 
2ift 
5    ft. 

7ift. 
10  ft. 
15  ft. 
20  ft. 
30   ft. 


6    '    0 

0    j    0 
0        0 


0 
0 
0 
0 


0 
0 
0 
0 


0 

78 

102 

0 

72 

432 

0 

82 

212 

■    • 

0 

•  • 

20 

... 
184 

0 

2 

50 

4 

8 

56 

0 

6 

46 

0 
20 


30 

12 

24 

2 


186 
524 


12    I    306 


234 
64 
92 
54 


Basin  3. 


2ift. 
5    ft. 

71ft 

10   ft. 


0 

0 

18 

28 

340 

26 

0 

0 

0 

52 

158 

46 

0 

0 

0 

12 

140 

2 

0 

0 

0 

8 

38 

0 

412 

256 

154 

46 


1 66 
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EXPERIMENT  NO.  8. 

Cochituate  Water  located  in  the  Chestnut  Hill  Reservoir.    November  8  to  November  30, 1895. 

Temperature,  40^-45°.    Color,  0.83. 


Datb. 


Dbpth. 


NuMBBR  OP  Standard  Units  pbr  cc. 


c 
o 


• 

H 

• 

H 
8 

• 

1 

a 

■g. 

• 

1 

0 

8 
If. 

Fungi. 

0 

o 
H 


3 
O 


e 
< 


November 

8 

November  12 

(i 

ti 

t« 

i« 

it 

tf 

« 

(i 

If 

« 

« 

tt 

t( 

(t 

November 

16 

t« 

(i 

« 

«( 

(( 

ii 

« 

<i 

4( 

(t 

<i 

« 

(t 

t( 

November 

23 

«i 

« 

i( 

(1 

ft 

<( 

i( 

(( 

(( 

0 

<( 

t( 

It 

ft 

November  30 

«( 

(( 

t( 

« 

« 

c« 

«t 

All  depths. 

Above  surface. 

Surface. 

7i  *' 
10  " 
15  " 
20  " 
Above  surface. 
Surface. 

2ift. 

5     " 

1\  " 
10  " 
15  " 
20  " 
Above  surface.* 
Surface. 

2ift. 

5     " 

7i  " 
10  " 
15  " 
20  " 
Above  surface. 
Surface. 

2Ut. 

5'  " 

n  " 

10"  " 
15  " 
20  " 


463  4 

1.278  30 

1.564  0 

664  5 

676  17 

520  0 


475 

527 

437 

1,381 

3,075 

1.055 


514 

1,051 

3.46* 

859 

261 

103 

65 

•  •  •  • 

130 

•  •  •  • 

3,681 

1,043 

248 

259 

168 


0 
3 
0 
0 
0 
13 


665  i  13 
440  20 
543  15 
375   9 


0 
0 
0 
0 
0 
0 
0 


0 
18 
0 
0 
0 


487 
580 
632 
532 
488 
564 
476 
384 
456 
355 
680 
265 
600 
460 
515 
465 
375 
0 
460 
I  470 
'  240 
I  215 
155 


0   40 


149  1  0 


50 

220 

110 

95 

25 

•  •  • 

10 


1 
4 

16 
0 
8 

12 
0 
0 
0 
0 


0 
0 
0 
10 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


36 
27 
136 
95 
20 
8 
11 
16 
34 
20 


0  117 

0  I  83 

15  I  14 


7 
67 
0 
0 
4 

0  I 
7  ; 
15 
4 
0 


25 

5 
4 
4 
0 


991 

1,919 

2,348 

1.296 

1,209 

1,1(H 

%2 

930 

927 

1.756 

3,872 

1,416 

1,307 

927 

1,140 

849 

899 

1,055 

3,924 

1.336 

516 

322 

220 


0   20 


280 
376 
440 
308 
344 
324 
448 
284 
240 
555 
685 
375 
295 
310 
375 
270 
280 
850 
860 
680 
345 
310 
190 


174  255 

•  •  •  •   I  •  •  • 

3,756  1 1,115 

1,286  '  965 

362  I  700 

358  710 

193  I  600 

I 

••••  •••• 

179  ,  460 


*  Sample  frozen. 
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EXPERIMENT   NO.  9. 
Cochitukte  Water  locaied  in  Lake  Coch[tuate  and  the  Chestnut  Hill  Reservoir. 


November  29  . 

November  29  . 

November  29  . 

November  29  . 

November  29  . 

November  29  - 

Naveml)er  29  . 

November  29  . 


Surface. 

2,^ 

675 

20 

21  ft. 

2.S« 

285 

10 

S  ft. 

2.180 

290 

10 

7ift- 

l,4Si 

495 

5 

10  ft 

MO 

110  ,  0 

15  fi. 

290 

205  i  15 

30  £u 

.';20 

360  10 

SO  ft. 

2S5 

520 

10 

0 

20 

10 

0 

50 

0 

5 

0 

0 

5 

0  '  10 

20   0  1 

15 

5 

3.535 
2,M5 
2.530 
Z,<MO 


Chesmut  Hill  Reservoi 


November  29  . 

November  29  . 

November  29  . 

November  29  . 

November  29  . 


21ft. 
5    ft. 


1.070  125 

10 

0 

10 

770  230 

5 

0 

20 

840  310 

5 

0 

0 

4SS   140 

10 

0 

0 

470  145 

25 

0 

0 

0  I  1,0 
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EXPERIMENT   NO.  r 


Lake  Cochituaie  Water  located  in  Lake  Cochituate  and  the  Cbe»tnut  Hill  ReterroiT. 

November  19  to  December  9,  1895. 

Temperature,  tf?-^.    Color ;  Lake  Cochituate,  .33 ;  Chettnut  Hill  Reservoir,  .84. 


Lake  Cocbiluaie. 


Chestnut  Hill  Reservoi: 
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NOTES   ON  THE  BEST  FORM  OF  CROSS  SECTION  FOR 

THE   COILS   OF  A    GALVANOMETER, 

I.     When  the  Needle  Is  Indefinitely  Short.* 

By  frank  a.  laws.  S.B. 
Received  May  ii,  1896. 

The  deduction  of  the  equation  of  the  curve  bounding  the  best 
form  of  cross  section  of  the  coil  of  a  galvanometer  is  usually  made 
subject  to  conditions,  which  may  be  stated  as  follows : 

A  given  length  of  wire  is  to  be  wound  into  a  coil,  and  the  cross 
section  of  the  coil  must  be  such  that  with  a  given  P,  D,  between  its 
terminals  the  axial  component  of  magnetic  force  at  the  center  is  a 
maximum. 

Consider  a  unit  length  of  wire  bent  into  a  circular  arc,  and  let 
its  trace  on  a  plane  containing  the  axis  of  the  coil  be  defined  by  the 
coordinates  r  and  ^,  let  E  be  the  axial  component  at  center  of  coil 
due  to  the  unit  length  of  wire  when  carrying  a  unit  current,  then  the 

equation  t^  =  -rr—  sin  d  gives  the  locus  along  which  each  centimeter 

of  wire  will  have  the  same  efficacy.  This  equation  is  that  of  the 
boundary  of  the  best  form  of  cross  section,  for  any  transfer  of  a 
pven  length  of  wire  outwards  moves  it  into  a  position  of  less  effi- 
cacy. This  is  one  solution  of  the  general  problem  ;  that  it  is  not  the 
only  one  will  appear  if  the  conditions  are  examined.  The  solution 
given  is  for  the  case  where  the  resistance  of  the  galvanometer  has 
a  determining  influence  on  the  current  flowing  through  it.  It  would, 
for  instance,  apply  when  the  instrument  is  to  be  used  as  a  current 
galvanometer  under  conditions  such  that  the  solution  for  the  best 
galvanometer  resistance  is  applicable,  or  when  the  instrument  is  to 
be  used  as  a  potential  galvanometer,  for,  in  order  that  this  instrument 
may  be  applicable  to  any  particular  piece  of  work,  it  must  have  a 
resistance  above  a  certain  limit,  which  is  fixed  by  the  work  in  hand. 
In  both  cases  mentioned,  immediately  the  size  of  wire  is  given  the 
problem  reduces  to  the  best  disposition   of  a  given  volume  of  wire. 

'  The  experimental  determination  of  the  curves  bounding  the  best  form  of  cross  section 
for  the  two  cases  given  above,  but  when  the  needle  is  of  finite  dimensions,  is  in  progress. 


170  Frank  A,  Laws, 

A  solution  corresponding  to  different  conditions  may  be  derived. 
The  problem  may  be  stated  thus :  Determine  the  best  form  of  cross 
section  of  the  coils  of  a  galvanometer  when  the  current  through  the 
instrument  is  independent  of  its  resistance,  or,  in  other  words,  is  con- 
trolled by  conditions  external  to  the  instrument.  In  order  to  give 
definiteness  to  the  problem  the  area  of  cross  section  must  be  given. 

The  field  at  the  center  of  the  coil  due  to  one  turn,  the  coordi- 

nates   of   its   trace   being  r,   ^  is  -F  =   2irc  ,  the  measure  of 

sin^d 
the  efficacy  of   a  turn  is  2ir   ;  denote  this  by  E^^  then  r  = 

r 

5  sin"  6. 

Consider  that  the  space  within  the  curve  r  ^=^  -pr   sin'  0  is  en- 

tirely  filled  with  wire.  Any  replacement  of  one  of  the  turns  by  an- 
other outside  this  area  decreases  the  efficacy  of  the 
coil  as  a  whole.  That  the  length  of  wire  may  be 
altered  is  immaterial,  for  by  the  conditions  of  the 
problem  the  current  is  independent  of  the  resist- 
ance of  the  instrument. 

As  any  replacement  of  turns  by  others  in  space 
not  occupied  by  the  coil  diminishes  the  field  at  the 
center  of  the  coil,  the  form  of  cross  section  outlined 

27r    . 
by  the  equation  r  =  ^-  sm'  u  is  the  best  under  the 

conditions  imposed.  This  second  solution  —  that  for  a 
given  cross  section  —  corresponds  to  the  case  of  the 
ammeter,  for  the  fundamental  principle  of  ammeter  design  is  that  the  in- 
troduction of  the  instrument  into  the  circuit  shall  not  alter  the  cur- 
rent which  it  is  desired  to  measure. 

Above  are  given  the  outlines  of  the  cross  sections  corresponding 
to  both  solutions,  the  areas  inclosed   by  the  curves  being  equal. 

The  curve  A  shows  the  solution  when  the  condition  is  that  of 
a  given  cross  sectional  area,  and  curve  B  the  solution  when  the 
condition  is  that  of  a  given  volume  of  coil. 

Rogers  Laboratory  of  Physics, 
Massachusetts  Institute  of  Technology, 
Boston^  Afarchf  i8g6. 
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Applied  Mechanics. 


Tests  on  Bolted  Joints. 

The  following  eight  tests  form  a  part  of  a  series  not  yet  finished. 
This  series  was  planned  so  as  to  get  an  increasing  compression  per 
square  inch  in  front  of  the  rivets  ;  the  object  being  to  find  the  effect 
of  this  increasing  compression  on  the  efficiency  of  the  joint  and  on 
the  tensile  strength  of  the  net  section  of  plate. 

All  specimens  were  made  from  the  same  sheet  of  boiler  plate,  the 
tensile  strength  of  which  was  taken  from  the  average  of  three  tests 
as  68,000  pounds  per  square  inch.  The  bolts  were  of  machine  steel 
nicely  turned.  The  tensile  strength  of  the  bolt  steel  was  96,300 
pounds  per  square  inch,  this  being  the  average  of  three  tests.  The 
holes  in  the  plate  were  drilled  and  rimmed,  and  the  bolts  were  fitted  so 
as  to  be  an  easy  driving  fit  with  a  machinist's  hammer.  The  force 
with  which  the  bolts  were  set  up  is  noted  on  some  of  the  tests. 
Micrometer  readings  of  the  stretch  of  the  joints  were  taken  from 
both  the  top  and  the  bottom  sides,  there  being  two  sets  of  meas- 
uring points  on  each  side.  The  dimensions  of  the  joints  are  shown 
in  the  table  following.  The  accompanying  cuts  show  the  joints  after 
fracture. 
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SUMMARY   OF  TESTS   ON   BOLTED   JOINTS. 


Joinl  No.  I  broke  bjr  thauios. 
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Fig.  I.    General  Dimeksions  of  Joints. 
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TEST  ON  BOLTED  JOINT.     No.  a.    (F'ic.  >) 


Date,  November  12,  1S95. 
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TEST  OS  BOLTED  JOINT.    No.  s.    (Fig.  3.) 
Date,  Novcmbai  11,  1895 . 
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TEST  ox   UOLTED  JOINT,     Xo.  i.    (Fic  3.) 
I)«(e,  Novembei  11,  1S95. 
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TEST  ON   BOLTED  JOINT.    No.  3.     (Fig.  4.) 
Dale,  November  14,  1895. 
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TEST  ON  UOLTED  JOINT.    Na  4.    (Fio.  s-) 
Date,  November  18,  189$. 
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TEST  ON  BOLTED  JOINT.    No.  s-    (Fig.  6.) 
Date,  November  13,  1895. 
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TEST  ON  BOLTED  JOINT.     No.  *.     (FIG.  3.) 
Date,  November  ii,  1895. 
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TEST  ON  BOLTED  JOINT.     No.  a.    (Fig.  3.) 
Date,  November  11,  1895. 
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TEST  ON   BOLTED  JOINT.     No,  3.     {Fig.  4) 
Date,  November  14,  1895. 
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TEST  ON   BOLTED   JOINT.    Ko.  4.    (Fifl.  S-) 
Date,  November  tS,  1895. 


LMd  dropped  oS  (or  >i 

oun. 

M.S" 

IMl 

.1341     .1411 

.vm 

40,SDO 

:S 

I1"  1 

■"f) 

:S:S 

.6(r 

fZ 

™i 

.oooj 

JO.SOO 

.«H 

_ 

okS] 

ic;jj 

mJ 

.0107 

"1! 

at 

SiS 

t.% 

ios,S"o 

6961 

1)6,000 

M«i 

munilcad-     (  Join.  g.v=  w.,  by  plale  laring.) 

KoJii  were  Hi  up  with  6a  IbL  pull  un  1 


A>.  thlckocu  of  plilc 
[raclun  .... 


Jn  pUlEA,     ijo,5aalb«. 


w 


ST  r.  \X-    V  '^  ■"  ^" 


Results  cf  Tests  Made  in  the  Engineering  Laboratories,      177 

TEST  ON   ROLTED   JOINT.     No.  5.    (Flo.  6.) 
Date,  NovembeT  az,  1S95. 


K 


:S! 


,jo66    .4664     -4466 


Load  dropped  oS  fc 


Load  dropped  off  f  o 


IIS.SOO 

ijolioo 

.JJ4J     .1)4°  1  ^785 

a  :i£  :S 

.4064     .4063  1  .$47  J 

■*7B7 
.41(09 

.S4JJ 

,j4«a     .5470  1  -Ml' 
.iS.8     -!i'*  h*^^ 
.609?     ■*'9S  1  ■7461 

.746J 

,40641 

3 

-64)S 
■6779    1 

.013  ■ 

.0038, 

as 

J40S 

.«.ioo 

Mulmum  1o«]. 

So*  oi  bolt!  .  . 
Pbch  ol  bolu  .  . 
TUckncBof  plale 
Width  of  pkle     , 


178      Results  of  Tests  Made  in  the  Engineering  Laboratories, 

TEST  ON   liOLTED   JOINT.    No.  6.     (FiG.  7.) 
Date,  December  3,  1895. 
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TEST  ON   BOLTED  JOINT.     No.  7.     (FlG.  8.) 
Date.  December  5,  1895. 
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TEST   ON   BOLTED   JOINT.     No.  8.     (Fic.  9.) 
Date,  December  g,  1895. 
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TEST   ON   BOLTED   JOINT,     No.  8.     (FiG.  9.) 
Date,  December  g,  1895. 
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ss; 

S^T*. 

.(760 

a 

s  ^ 


,142s ' 

tifii 

ss  = 

"^94 

"75 

.4790 

.0.6S 

ss"'  — 

.inio 

-4;j 

.m6J 

.01 JJ 

**! 

553'     + 

'^« 

■3 

"IS 

■:;s 

St 

'9< 

.  .  .  58,i<»lbi. 
>.  .  .  37,6oolbi. 
mrlile,     i4S,6golbt. 
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TENSION  TEST.    No.  21. 


'Specimen,  Steel  Boiler  Plate.    Date,  December  12,  1895. 


Loads. 

MiatoMBTBX  Readings. 

MSAN. 

DlFFKRBNCSS. 

Actual. 

I 

a                         I 

2 

Actual. 

500 

.3368 

.3368 

•4003 

.4003 

.3686 

•  •  •  • 

3.500 

.3390 

•339« 

.401a 

.4012 

.3701 

.0015 

6,500 

.3408 

.3408 

.4025 
.3988 

.4023 

•37*6 

.0015 

500 

.339^' 

•3398 

•3988 

.3692 

.0024 

14,000 

•344a 

•3443 

.4049 

•4051 

.3746 

•  •  •  • 

15,000 

•3447 

.3448 

.4052 

•4054 

•3750 

.0004 

16,000 

•3451 

•345* 

.4058 

•4059 

•3755 

.0005 

17,000 

.3457 

•3458 

.4062 

.4061 

.3760 

.0005 

18,000 

•3463 

.3464 

.4066 

.4066 

•3764 

.0004 

19,000 

•3469 

•3470 

.4074 

.4072 

•377' 

.0007 

30,000 

•347* 

.3473 

•4077 

.4078 

•3775 

.0004 

ai,ooo 

.3478 

•3477 

.4086 

.4087 

•3782 

.0007 

22,000 

.3485 

.3487 

.4102 

.4102 

•3794 

.0012 

aj,ooo 

'3494 

•3493 

.4123 

•4"5 

•3809 

.0015 

Length  between  clamps 8" 

Dimensions  of  cross  section  .     .     .         .  .43"xi.5i" 

Elastic  limit 18,000  lbs. 

Maximum  load 44f93o  lbs. 

Dimensions  of  fractured  section     .    .    .  .29"xi.i3" 

Ultimate  extension 1.87" 

Elastic   elongation   for  6,000   lbs.  load 

equals .0024" 


Area  of  original  section  ;  sq.  ins .649 

Elastic  limit ;  lbs.  per  sq.  in 27,700 

Maximum  load  ;  lbs.  per  sq.  in.  orig.  sect.  .  69,200 

Area  •!  fractured  section  :  sq.  in .328 

Reduction  of  area  of  cross  section ;  percent.,  49.5 

Ultimate  extension  ;  per  cent 23.4 

Modulus  of  elasticity 30,800,000 


TENSION  TEST.     No.  22. 


Specimen,  Boiler  Plate.     Date,  December  13,  1S95. 


Loads. 

MiCROMRTKR   RrA DINGS. 

Mban. 

DiFFBRBNCBS. 

Actual. 

I 

2                                    I 

2 

Actual. 

500 

•3730 

.3731 

.4116 

.4116 

•3923 

•  •  •  • 

3.500 

.3748 

•3750 

.4126 

.4126 

•3937 

.0014 

6,500 

•3755 

.3757 

•4138 

.4138 

•3947 

.0010 

14,000 

.3784 

.3786 

.4168 

.4169 

•3977 

•   •   •  • 

16,000 

•3795 

.3795 

.4176 

•4«7<> 

•39-^5 

.0008 

18,000 

•3803 

•3804 

.4185 

.41S6 

•3W4 

.0009 

ao,ooo 

.3?i8 

•3817 

.4196 

.4196 

.4'-W7 

.0013 

aa,ooo 

•3«36 

•3837 

.4312 

.4312 

•4024 

.0017 

a4,ooo 

.3878 

•3878 

.4252 

-4253 

.4065 

.0041 

Length  between  clamps 8'' 

Dimensions  of  cross  section i.5i''x.45^' 

EUstic  limit 18,000  lbs. 

Maximum  load 44.500  ll>s. 

Dimensions  of  fractured  section     .     .     .  i.i3"x.3o" 

Ultimate  extension 1.69" 

Elastic   elongation   for   6,000  lbs.  load 

equals .0024" 


Area  of  original  section  :  sq.  ins .680 

Elastic  limit ;  lbs.  per  sq.  in 26,500 

Maximum  load  ;  lbs.  per  sq.  in.  orig.  sect.   .  65,500 

Area  of  fractured  section  :  sq.  in .339 

Reduction  of  area  of  cross  section  ;  per  cent. ,  50.  i 

Ultimate  extension  ;  percent 21. i 

Modulus  of  elasticity 39,400,000 
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TENSION  TEST.    No.  23. 


Specimen,  Steel  Boiler  Plate.     Date,  December  31,  1895. 


Loads. 

DiFFBRBNCBS. 

MiCROMBTER  KBADINGS. 

Mean. 

Actual. 

X 

2 

I 

2 

Actual. 

500 

.4193 

.4»93 

'    .3806 

.3805 

.3999 

•  •  «  • 

6,500 

.4216 

•  4217 

.3833 

.3832 

.4025 

.0026 

500 

•4194 

•4»95 

.3807 

.3806 

.4001 

.0024 

iS.coo 

•4249 

.4248 

.387* 

.3870 

.4060 

■  •  •  • 

16,000 

•4254 

.4253 

.3873 

.3874 

.4064 

.0004 

17,000 

.4257 

.4257 

.3879 

.3878 

.4068 

.0004 

18,000 

.4260 

.4260 

.3883 

.3882 

.4071 

.0003 

iq,ooo 

.4263 

.4265 

.3887 

.3885 

.4075 

.0004 

ao,ooo 

.4270 

.4268 

.3890 

.3891 

.4080 

.0005 

ai,ooo 

•4273 

.4272 

•3899 

.3898 

.4086 

.0006 

22,000 

.4279 
.4288 

•4279 

.3907 

•3907 

.4193 

.0007 
.0008 

23,000 

.4286 

.3916 

.3915 

.4101 

24,000 

•4294 

.4294 

.3927 

.3926 

.4110 

.0009 

25,000 

.4305 

.4305 

•3942 

•3943 

.4124 

.0014 

Length  between  clamps 8" 

Dimensions  of  cross  section     ....  0.44''  x  1.50" 

Elastic  limit 19,000  lbs. 

Maximum  load 46,000  lbs. 

Dimensions  of  fractured  section  .     .     .  0.33"  x  1.20" 

Ultimate  extension 1.69" 

Elastic  elongation  for  6,000  lbs.   load 

equals .0024" 


Area  of  original  section ;  sq.  ins .660 

Elastic  limit ;  lbs.  per  sq.  in 28,800 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.  .  69,700 

Area  of  fractured  section ;  sq.  in  .    .    .     .  .396 

Reduction  of  area  of  cross  section ;  per  cent.,  40.0 

Ultimate  extension  ;  percent ai.i 

Modulus  of  elasticity 30,300,000 


TENSION  TEST.    No.  30. 
Specimen,  Holt  Steel.     Date,  March  6,  1896. 


Loads. 


Actual. 


500 

3,500 
6,500 

19,000 
20,000 
21,000 
22,noo 

23,000 
24.000 
25,000 

26, 'XX) 

27,000 


.4339 
.4366 

•4390 

.4452 

.4493 

•45"4 

•4504 

•45»5 
.4521 

•4523 
.4532 


MiCROMBTER    READINGS. 


•433S 
.43'JS 
.43<;o 

■4453 
•4403 
.4503 
.45"4 

•45'3 
.4520 

.452' 

•4528 


.0196 
.0213 
.0237 


Mean. 


.0196 
.0215 
.0237 

.0330 
.0342 

.0347 
•0358 
.0370 
.03  78 
.0396 
.0411 


Piece  would  not  hold  load. 


.2267 
.2291 
•2314 


0331 

.2391 

•  •  •  • 

0340 

.2417 

.0026 

0349 

.2426 

.0009 

0358 

.2431 

.0005 

0370 

.2442 

.0011 

0380 

.2449 

.0007 

0396 

.2459 

.0010 

04 II 

.2470 

.0011 

DiPFBRBNCBS. 

Actual. 


.0023 
.0023 


Length  between  clamps 10" 

Dimension  of  cross  section 7509"  dia. 

Elastic  limit        26,000  lbs. 

Maximum  load 41, Hoc  lbs. 

Dimension  of  fractured  section 53 10"  dia. 

Ultimate  extension 2.06" 

Elastic  elongation  for  6,000  lbs.  load  equals,  .0046" 


Area  of  original  section  ;  sq.  ins .443 

Elastic  limit ;  lbs.  per  sq.  in 58,700 

Maximum  load  ;  lbs.  per  sq.  in.  orig.  sect.    .  94i40O 

Area  of  fractured  section ;  sq.  in .221 

Reduction  of  area  of  cross  section  ;  per  cent.,  50.0 

Ultimate  extension  ;  per  cent 20.6 

Modulus  of  elasticity 29,500,000 


Results  of  Tests  Made  in  the  Engineering  Laboratories,      183 


TENSION  TEST.     No.  31. 
Specimen,  Bolt  Steel.     Date,  March  7,  1896. 


Loads. 

Actual. 

I 

MicxoMSTSK  Readings. 

212 

Mban. 

DirFBRBNCBS. 

Actual 

500      1       — .006a 
3,500              —.0033 
6,500              — .0015 

— .0063 
—.0034 
— .0015 

— .0156 
—.0139 
— .01 16 

—.0157 
— .0141 
— .0114 

• 

— .01 10 
— .0087 
— .0065 

•  •  •  • 

.0033 
.0033 

aoyuoo 
21,000 
32,000 
23,000 
24,000 
25,000 
26,000 

- 

-.0003 
-.0087 
koo9i 
-.0095 
-.0101 
-.0106 
-.0112 

a 

-.0004 
koo87 
-•0089 
-.0094 
-.0100 
>.oi09 

•  •  •  • 

- 

-.0081 

kooo9 
-.ooao 
-.0034 
-.0048 

koo63 
-.0079 

- 

-.0081 
-.0008 
-.ooaa 
-.0036 
-.0048 
f-.oo6o 

•  •  «  • 

-.0039 
-.0048 
-.0056 
-.0065 
-.0074 
-.0084 
K0095 

•  ■  •  • 

.0009 
.0008 
.0009 
.0009 
.0010 
.0011 

27,000 

Piece  would  not  hdld  load. 

Length  between  clamps lo" 

Dimension  of  cross  section 7495'' dia. 

Elastic  limit 36,000  lbs. 

Maximum  load 43i8oo  lbs. 

Dimension  of  fractured  section 5337"  dia. 

Ultimate  extension 3.13" 

Elastic  elongation  for  6,000  lbs.  load  equals,  .0046'' 


Area  of  original  section  ;  sq.  ins.   ....  .441 

Elastic  limit ;  lbs.  per  sq.  in 58,900 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.,  .  99i3oo 

Area  of  fractured  section  ;  sq.  in .315 

Reduc  tion  of  area  of  cross  section ;  per  cent.,  51.3 

Ultimate  extension  ;  percent 31.3 

Modulus  of  elasticity 39,600,000 


TENSION   TEST.     No.  32. 
Specimen,  Bolt  Steel.     Date,  March  11,  1896. 


Loads. 

MiCROMBTBR   RbADINCS. 

Mean. 

DiFFBKBNCBS. 

Actual. 

X 

2                                  I 

a 

Actual. 

1 
500 

.0402 

.0403 

— .0164 

— .0165 

.0119 

•    ■   •  • 

3i5«> 

.0427 

.0426 

—.0143 

—.0145 

.0141 

.0033 

6,500 

.0448 

1              0447 

— .0117 

—.0118 

.0165 

.0034 

20,000 

.0564 

.0564 

— .0019 

—.0018 

.0273 

•    •    •    • 

21,000 

•0574 

•0574 

— ,0016 

— .0016 

.0279 

.0006 

22,000 

.0588 

.0586 

— .0013 

— .oori 

.0288 

.0009 

23,000 

.0596 

.0595 

— .0003 

— .0005 

.0296 

.0008 

24,000 

.cfyoi 

.0603 

-+-.0003 

+,0002 

.0303 

.0007 

25,000 

.0613 

.0612 

+.0014 

-'-.r>Jl4 

.0313 

.0010 

26,000 

Piece  would  not 

hold  the  load. 

• 

Length  between  clamps 10'' 

Dimension  of  cross  section 749"  dia. 

Ehstic  limit 35,000  lbs. 

Maximum  load 41,890  lbs. 

Dimension  of  fractured  section 528"  dia. 

Ultimate  extension 2.06" 

p^atir  elongation  for  6,000  lbs.  load  equals,         .0046" 


Area  of  original  section ;  sq.  ins .441 

Elastic  limit ;  lbs.  per  sq.  in 56,700 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.   .  95iioo 

Area  of  fractured  section ;  sq.  in .219 

Reduction  of  area  of  cross  section ;  per  cent.,  50.3 

Ultimate  extension  ;  per  cent 20.6 

Modulus  of  elasticity 29,600,000 
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Tests  ox  Bolted  Joints.     (Boston  Bridge  Works.) 

These  joints  were  furnished  by  the  Boston  Bridge  Works,  and 
were  designed  to  show  the  efficiency  of  a  rough  bolted  joint.  The 
form  of  the  joints  is  indicated  by  the  cut.  From  one  to  four  bolts 
were  used  on  each  side  of  the  joint,  the  bolts  being  placed  in  line  as 
shown  in  the  sketch.  These  bolts  were  all  rough  forged  iron  bolts  of 
standard  dimensions.  The  holes  in  the  plate  were  punched,  making 
a  loose  fit  for  the  bolts.  All  the  nuts  were  set  up  hard  before  break- 
ing. Both  one  and  two  battens  were  used  on  each  style  of  joint. 
When  thin  plate  is  used,  the  shearing  strength  of  the  bolts  is  figured 
on  the  nominal  area,  corresponding  to  the  nominal  diameter  of  the 
bolts,  and  the  effective  area  figured  on  the  diameter  at  the  bottom  of 
the  threads,  this  being  the  area  to  resist  the  shear  when  a  thin  plate 
and  cover  strips  are  used. 


Fig.  10.     Form  of  Bolted  Joint. 
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i86      Resulls  of  Tests  Made  in  the  Engineering  Laboratories. 


Wrought  Iron  Pipe  Columns, 
summary  of  tests. 


ThFW  nrt  tntcd  li 


II  alnadir  duoilieil  In  T«chncilaf]>  Quiterir, 


TEST  OF   WROUGHT   IRON   PIPE   COLUMN. 
Date,  March  31,  1S96. 


NomlDil  «K  of  pipe     . 

Acluil  duulde  diimeltr 
l^nE<h  inudt  of  flingti 
IltanitKr  "i  fljnfo  . 
Gmgc  lcn(ih   .    .    .     . 
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TEST  OF  WROUGHT   IRON   PIPE   COLUMN. 
Dale,  March  30,  1S9G. 


Actual  intide  dUmeler i.oi"  Conipieuion  <j,cnii-ij,«n)  .oi«R}" 

Actual  DuEiidfl  diflniFitr      .......  i-J^"  Am  of  crota  Kctton     .    .    .  i.aj  vq.  Id. 

L«Dfth  imMe  of  flangei ^H"  Uiximum  load  ,....,  I4,}c»  IbL  per  «q.  in. 

IHimcter  of  flaniH  . ;"  Mndului  of  cluiidlr  -    .    -    •  >i,><ici,ooa 
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TEST  OF   WROUGHT   IRON   PIPE  COLUMN. 
Dale,  March  id,  1S96. 


Actual  LDud«  diameter    . 

Length  Intide  of  Hingei     . 
DiuncKr  of  fUngn    ,     .     , 


Modului  i>[  elutidl 


■TEST  OF  WROUGHT   IRON   PIPE  COLUMN. 
Date,  March  27,  :S96. 


Nonuniil  tiie  nf  pipe 
Aetunl  iDiide  diamtter 
Actual  uu<>ide  diani.^Mr 
Length  Inude  uf  H-inKC 
Diameter  of  RaDgei  . 
Caufe  length     .    .    . 


»  of  eluticiiy     .    .     .  il,9°<>.«>> 
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TEST  OF  WROUGHT   IRON   PIPE  COLUMN. 
Dale,  March  id,   1S96. 


LmgUi  iatidfl  of  flancn     , 
DivntlvT  oE  tUoEei    .     . 
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TEST  OF  WROUGHT   ^RO^f   PIPE   COLUMN. 
Date,  March  11,  1S96. 


'•- 1 1  ■ 

Nominil  Hie  of  pip 

Actual  oiiliidc  duir 
LengUi  IikMe  of  flai 
IHaneUr  nl  fliDgo 
Gauft  length    .    . 


Results  of  Tests  Made  /'«  the  Engineering  Laboratories. 

TEST  OF   WROUGHT   IRON   PIPE  COLUMN. 
Dale,  March  14,  1S96. 


Nomlul  liu  of  [»pr  .  . 
Actuil  inidc  iluni<ler  . 
Aclul  eutiUt  ^BMCR  , 
Lnttli  luida  of  tmtia  ■ 
DUmcMr  of  Kuntei  .  . 
GiBI<  Uaitli 
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TEST   OF  WROUGHT   IRON   PIPE   COLUMN. 
Date,  March  15,  1896. 


Nominal  tiu  ol  pipe %\'       Maiimum  load fis,«>  Ibi. 

Lcnjclh  Inflde  of  flaBget '05I"  Miilniuid  load      ....  17,100  tin,  per  iq.  in. 

Diameler  ol  flanitt 9I"  Modului  si  eliMldtv     .    .  a4,t«,Doo  Ib>. 

Gaugcleoilh loo.s"         [. 7B.J 
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TEST   OF   WROUGHT   IRON    PIPE  COLUMN. 
Date,  March  l6,  1S96. 


NomiDnI  UK  ot  pip* 1"  Maiimum  load     . 

Actml  inride  diamticr *-"?"  Cranpr.uion  (j.pw 

Actiul  auuide  dblreter 4.J1"  Area  oi  emu  Kctii 

Lcnglli  luide  of  SangM "lit'  Muimiun  load 

Dbmelcr  dI  flangea 4I"  troduLui  of  claKicii 

Gaup  IcDgUi i™,5"  _i 

Held  load  ior  a  qkhiiiii,  then  dtAsied,  bieaking  cap 
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TEST  OF  WROUGHT  IRON  PIPE  COLUMN. 
Date,  March  20,  1896. 


u  Ihroon  out  o(  11 


Leni^h  intiilc  of  ft, 
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TRANSVERSE  STRENGTH   OF   SPRUCE   BEAMS. 


TRANSVERSE   STRENGTH   OK  NORWAY   PINE   BEAMS. 


196     Results  of  Tests  Made  in  the  Engineering  Laboratories, 

Cement   Tests. 

The  tests  of  cement  in  tension  were  made  on  briquettes  of 
I  square  inch  cross  section  in  a  machine  of  a  special  design,  the 
description  of  which  may  be  found  in  the  Brickbuilder^  Vol.  4,  No. 
12,  1895. 

The  tests  in  compression  were  made  on  2"  cubes  in  an  Olsen 
machine  of  50,cxx)  pounds  capacity,  fitted  with  special  platforms  for 
the  purpose,  the  upper  platform  having  a  spherical  bearing,  which 
enables  it  to  adjust  itself  to  give  as  nearly  as  possible  a  uniformly 
distributed  load  upon  the  specimen.  The  results  given  are  the  total 
breaking  loads  upon  the  specimens. 

The  sand  tests  were  made  with  ordinary  building  sand,  which  was 
sifted  through  a  No.  20  sieve  to  take  out  the  coarse  particles.  Thi^ 
does  not  give  nearly  as  high  results  as  can  be  obtained  by  using 
ground  quartz,  which  is  ordinarily  used  for  this  purpose.  All  speci- 
mens were  set  under  water,  the  average  temperature  of  the  bath 
being  about  70°  F. 


« 
I 
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SAND  TESTS.    COMPKESSION. 


21 


s^:. 


C«ninertUI  Americii 
Comincitul 


SAND  TESTS.    TENSION. 
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NEAT  CEMENT.    COMPRESSION. 


Date  of  test. 


Mar.  18 
Mar.  18 
Mar.  27 

Mar.  27 
Mar.  27 
Mar.  27 
Nov.  II 
Nov.  II 
Nov.  15 
Nov.  15 
Nov.  iS, 
Nov.  18,' 
Nov.  18 
Dec.  4 
Dec.  4 
Dec.  16 
Dec.  16 
Dec.  13 
Dec.  13 
Dec.  13 
April 
April 
April 
April 
April 
April 
April  I 
Mar.  31 
Mar.  13 
Mar.  13 
Mar.  13 
Mar.  II 
Mar.  II 
Mar.  II 
Nov.  20 
Nov.  20 
Nov.  20 
Dec.  13 
Dec.  13 
Nov.  15 
Nov.  15 
Nov.  15 
Nov.  15 
Dec.  7 
Dec.  7 
Dec.  6 
Dec.  6 
Dec.  6 
Dec.  6 
Dec.  6 
Dec.  6 
Nov.  I 
Nov.  I 
Mar.  22 
Mar.  22 
Mar.  22 
Mar.  ao, 
Nov.  18 


1896 
1896 
i8g6 
i8«^ 
1S96 
1896 
1895 
189s 
1895 

1895 
1895 
1895 

1895 
1895 
1895 
»S95 
1895 
189s 
1895 
1895 
1896 
1896 
1896, 
1896 
1896 
1896 
1896 
1896 
1896 
1896 
1896 
.896 
1896 
1896 
1895 

i«95 
1895 
1895 
189s 
1895 
1895 

i«95 
1S95 

i8.,5 
1895 
1895 
1895 
1895 
1895 

1895 
1895 
1S95 

1895 
,895 
189s 
1895 
1895 
1895 


Kind  of  cement. 


Brand. 


Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 


Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

Commercial 

B.  S.  ft  Co. 

B.  S.  &  Co. 

Alsen. 

Alien. 

Alsen. 

Alsen. 

Alsen. 


American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 


ft  M 

s 

0« 


I 


o 
o 

a 


25 
25 

»5 

as 

«5 
a6 

26 
27 
27 
»7 
27 
27 
27 
27 
27 
27 
27 
27 
27 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
27 
27 
27 
27 
27 
26 
36 

25 

25 
27 
27 
27 
27 
27 
27 
27 
27 
25 

;i 

28 

28 

29 
29 


8 

8 

8 

8 

8 

9 

9 

10 

10 

II 

II 

14 

14 

14 

23 

23 

23 

II 

II 

a 

a 

2 

33 
276 


6,750 
6,680 
8,700 
8,770 
8,800 
9.380 

8»45o 
8,510 
0,000 
o,aoo 
0,530 
0,020 
0,150 
0,230 
0,320 
0,000 

o»45o 
i,a8o 

0,960 

0,690 

0,030 

o.35'> 
1,400 

0,790 
0,620 
0,830 
1,020 
0,550 
0,820 
0,900 

«,35o 
i,32o 
0,780 
1,280 
0,500 
0,540 
0,590 
0,600 
0,700 

t,IOO 

ii35o 
1,720 

1,910 

1,900 

1,900 

3.5<» 
3.550 
3i4ao 
6,050 

5.990 

5.800 

5.420 
4,860 
7.580 

,750 
,130 
«5.7oo 
37,750 


?: 
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NEAT  CEMENT.     TENSION. 


Date  of  test. 


Mar.  18, 
Mar.  18, 
liar.  18, 
Mar.  37, 
Nov.  II, 
Nov.  II, 
Nov.  II, 
Nov.  14, 
Nov.  14, 
Nov.  14, 
Nov.  14, 
April  a, 
April   2, 

Nov.  13, 

Nov.  12, 
Nov.  18, 
Dec.  4, 
Dec.  4, 
Dec.  13, 
Dec.  13, 
Dec.  13, 
Dec  16, 
Dec.  13, 
April  3, 
April  I, 
Mar.  31, 
April  I, 
April  I, 
April  I, 
Mar.  II, 
Mar.  II, 
Dec  13, 
Mar.  13. 
Mar.  13, 
Mar.  16, 
Dec.  6, 
Dec. 
Dec. 
Oct. 

Oct.  „, 
Oct.  28, 
Oct.  30, 
Oa.  31, 
Nov.  IS, 
Nov.  15, 
Nov. 
Nov. 
Nov.. 
Nov.  I 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec 
Dec 
Oct. 
Oct. 
Oct. 
Oct 
Oct. 
Oct. 
Oct 
Nov. 
Nov. 


6, 

6, 

28, 

a8, 


1,8. 

8, 
18 
18, 
ao, 
ao, 
20, 
ao 
20 
as 

as. 


»9. 
»9. 
>9. 
13. 
IS. 


1896 
1896 
1896 
1896 

1895 
189s 

1895 
1895 
1895 
1895 
1895 
1896 
1896 
1895 
189s 
1895 
1895 
1895 
i«95 
i«95 
1895 
1895 

1895 
1896 
1896 
1896, 
i8q6 
1896 
1896 
1896 
1896 

189s 
1896 
1896 
1896 

1895 
1895 
1895 

1895 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
189s 
1895 
1895 
1895 
1895 
1895 
1895 
1895 
189s 
1895 
1895 
1895 
1894 
1894 
1894 
189s 
1895 


Kind  of  cement. 


Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 
Portland. 


Brand. 


Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
B.  S.  &  Co. 

S.  &  Co. 
&Co. 
&Co. 
&Co. 
&Co. 
ft  Co. 

S.  &  Co. 

S.  &  Co. 

S.  &  Co. 

8.  &  Co. 

S.  &  Co. 

S.  &  Co. 

S.  &  Co. 

S.  &  Co. 

S.  &  Co. 

S.  &Co. 

S.  &Ca 
Alsen. 
Alsen. 
Alsen. 
Alien. 
Alsen. 
Alsen. 
Alsen. 
Alsen. 
Alsen. 


American. 
American. 
Americam. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
American. 
Americam. 


B. 
B. 
H. 
B. 
B. 


S. 
S. 

s. 
s. 


B.  S. 

B. 

B. 

B. 

B. 

B. 

B. 

B. 

B. 

B. 

B. 

B. 


£ 


as 

as 
as 
as 

26 

36 
26 

a? 
a? 
a7 
a7 
as 
as 
as 
as 
a7 
37 
37 
37 
37 
37 
37 
37 

3S 
3S 

as 
as 
as 
as 
as 
as 
37 
as 
as 
as 
37 
37 

37 

as 
3S 
as 
as 
as 
as 
as 
as 
as 
as 

35 

as 
3S 
35 

3S 
35 

35 

28 

35 

35 

35 

35 
30 
30 
30 
39 
39 


g 


6 
6 
6 
6 
6 
6 


9 

9 

9 

II 

14 

33 

33 

3 

3 

3 

7 

7 

3» 

3» 

3» 

3' 

33 

33 

33 

33 

63 

63 

64 

65 
66 

2 

a 

3 

3 

6 

6 

6 

371 

371 


a 
2! 


M 

Q 

f« 

n 


370 
370 
388 

344 
340 

345 
369 
370 
371 
373 
390 
389 
389 
4«5 

.440 

4«3 

4'4 

470 

400 

405 
410 
4»3 
420 
400 
434 
438 
449 
45 » 
458 
44a 
444 
456 
478 

49« 
504 
S»3 
520 

540 
38a 
410 

4H 

470 

5«5 
560 

S<>4 
620 

578 
616 
626 
669 
686 
664 
680 
706 
733 
680 
418 
420 

430 
460 

590 

S9» 
600 

840 

860 


2CX)      Results  of  Tests  Made  in  the  Engineering  Laboratories'. 

Compression  of  Timber  Across  the  Grain. 

These  tests  were  made  on  the  300,000-pound  Emery  testing 
machine. 

The  specimens  were  placed  between  the  compression  platforms 
of  the  machine  and  the  load  applied  slowly.  The  platforms  were 
adjusted  so  as  to  bear  fairly  on  the  two  opposite  faces  of  the  speci- 
men. It  was  found  that  the  location  of  the  heart  with  reference  to 
the  stick  had  considerable  influence  on  the  strength,  and  for  this 
reason  the  sketches  showing  time  rings  were  made. 

Different  sizes  of  specimens  from  the  same  wood  were  tried.  In 
the  larger  sizes  no  maximum  load  was  reached  in  many  cases,  the  piece 
simply  crushing  together.  This  was  to  be  expected  with  specimens 
of  large  section  and  of  short  length  between  the  platforms. 


brief  summary  of  tests  on  compression  of  timber  across 

the  grain. 


M^s 

.  /-^ 

V"^ 

^^ 

V  *-* 

.  ^^ 

1 

s 

3.S 

1 

i 

•* 

1 

V    . 

1 

'i 

i 

0 

n 

> 

11 

0 

u 

"S 

^E 

*8 

•5.1 

1 

73 

II 

E 

l5 

•8 

73 

is 

c-o 

3 

>  >-^ 

C.O 

9 

>»-' 

•*. 

a© 

3 

>  '-<' 

i^ 

< 

7^ 

< 

i2 

<      I 

Z 

< 

u 

< 

z 

< 

Spruce. 

a)  X  10 

fK> 

\  396 

Spruce. 

4x6 

5 

cii 

Yellow  Pine. 

4x6 

17 

1^ 

Spruce. 

2x12 

:     21 

;     25* 

Spruce. 

1  4x8 

10 

494 

Oak. 

4X  12 

60 

Spruce. 

3  X  12 

23 

350 

Spruce. 
Yellow  Pine. 

1   6x8 

5 

434 

Oak. 

4X  11 

5« 

<>8o 

Spruce. 

4X  12 

59 

397 

4x12 

60 

:     535 

Oak. 

6  X  12 

»7 

835 

Spruce. 

6x  12 

26 

3«9 

Yellow  Pine. 

;  6x  12 

If) 

402 

Oak. 

8  X  12 

21 

913 

Spruce. 

8x  12 

31 

350 

Yellow  Pine. 

!   8x12 

18 

47» 

Maple. 

4  X  12 

21 

1808 

Spruce. 

lux  12 

5 

1 

664 

Yellow  Pine. 

i   8x8 

5 

096 

Hemlock. 

4  X  12 

ao 

330 

'rhe  column  marked  "  approximate  size  of  timber  *'  gives  in  the  first  figure  tlie  width  of  the  stick  bearinf 
on  the  platform  of  the  machine. 

The  second  figure  gives  the  distance  between  the  compression  platforms,  or  it  corresponds  to  what  would 
be  the  depth  of  the  stick. 

The  length  or  the  disUnce  with  the  grain  wu  in  most  cases  13  inches,  tliis  being  about  the  limit  of  width 
of  the  platforms  of  the  machine. 


/ 
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Tension  Tests 


202      Results  of  Tests  Made  in  the  Engineering  Laboratories. 
TENSION   TESTS. 
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TENSION  TESTS.  — Ci'Bft/.Krti'. 
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TENSION  TEST. 
Specimen,  Steel.    Date,  January  4,  1896. 


Loads. 

MiCROMBTBK   RbADINGS. 

MSAN. 

DiFFKRSNCSS. 

Rbmakks. 

Actual. 

12X2 

Actual. 

Per 
500  lbs. 

500 

■5035 

.5034 

•4393 

.4392 

•4714 



5.000 

.5165 

.5165 

.4418 

.4428 

•4797 

.0083 

.0009 

Broke  outside  measured  sectkm. 

5,000 

•5304 

•5304 

•4566 

.45<>7 

•4935 

IO,CHX> 

.5407 

•5407 

.4659 

.4659 

•  5033 

.0098 

.0010 

12,500 

•5458 

•5458 

•4709 

•4709 

.5084 

.0051 

.0010 

13,000 

•5469 

•5469 

.4721 

•47  »9 

•5095 

.0011 

.0011 

•3.500 

•5479 

.5479 

•4729 

•4727 

.5104 

.0009 

.0009 

14,000 

.5489 

.5489 

•4736 

.4737 

.5113 

.0009 

.0009 

14,500 

•5497 

•5497 

.4738 

.4748 

•5»*3 

.0010 

.0010 

15,000 

.5508 

•5509 

•4758 

•4757 

.5133 

.0010 

.0010 

15,500 

.5520 

•5519 

.4768          .4767 

.5»44 

.0011 

.0011 

16,000 

.5530 

•5530 

.4779 

•4779 

•5<54 

.ooto 

.0010 

16,500 

•5539 

•5539 

.4787 

•4787 

.5»63 

.0009 

.0009 

17,000 

.5552 

•555« 

.4800 

•4799 

.5176 

.0013 

.0013 

17,500 

.5565 

.5565 

.4812 

.4813 

.5189 

.0013 

.00  r3 

18.000 

.5581 

.558a 

.4830 

.4830 

.5206 

.0017 

.0017 

18,500 

.5606 

.4853 

•       •  •  ■ 

.5230 

.0024 

.0024 

Length  between  damps     .    .    .  10'' 
Dimensions  of  cross  section    .     .   2X  |(.o875  +  .089)" 

Elastic  limit 16,500  lbs. 

Maximum  load 27,480  lbs. 

Dimensions  of  fractured  section  .  E.84"  X  .078" 

Ultimate  extension •875" 

Elastic  elongation  for  12,000  lbs. 

load  equals .0232" 


Area  of  original  section;  sq.  ins.  ....  .176$ 

Elastic  limit;  lbs.  per  sq.  in 93»5oo 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.,  155*700 

Area  of  fractured  section;  sq.  in .1435 

Reduction  of  area  of  cross  section ;  per  cent.,  18.7 

Ultimate  extension ;  per  cent 8.75 

Modulus  of  elasticity 29,37o,oo» 


TENSION   TEST. 
Specimen,  Steel.    Date,  January  4,  1896. 


Loads. 

MiCROMBTBR   RbADINGS. 

Mban. 

DirPBRBNCBS. 

Actual. 

I 

2                                I 

2 

Actual. 

Per 

500  lbs. 

1,500 

1,600 

16,5(10 

i7,o<w 

•4361 
.4620 
.4627 
.4636 

•4361 
.4619 
.4628 
.4638 

.5105 
•5340 
•5350 
.5358 

•5105 
.5341 

•5348 
.5358 

.4733 
.4980 
.4988 
.4998 

.0247 
.0008 
.0010 

.0009 
.0008 

.OOIO 

17,500 
18,000 

.4646 
.4656 

.4646 

•4<>54 

•537a 
.5381 

•537t 

.5383 

•5009 
.5019 

.0011 
.0010 

.0011 
.0010 

18,500 

.4672 

•54»3 

•5043 

1 

.0024 

.0024 

Length  between  clamps      ...  10" 
Dimensions  of  cross  section    .     .   2  X  |(.096 -|~ •  1005 )" 

Elastic  limit 1,800  lbs. 

Maximum  load 37»72o  lbs. 

Dimensions  of  fractured  section  .  1.79"  x  .085" 

Ultimate  extension 1.125" 

Elastic  elongation  for  15,000  lbs. 

load  equals '0255" 


Area  of  original  section ;  sq.  ins .  1965 

Elastic  limit;  lbs.  per  sq.  in 91,600 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.  .  141,100 

Area  of  fractured  section;  sq.  in .1522 

Reduction  of  area  of  cross  section ;  per  cent.,  32.5 

Ultimate  extension;  per  cent 11.25 

Modulus  of  elasticity .  29,940,000 
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TENSION   TEST. 
Specimen,  Steel.    Date,  January  15,  1896. 


Loads. 

MiatOMBTBK  Readings. 

Mean. 

DlFPBRBNCBS. 

• 

Remarks. 

Actual. 

I 

3 

I                 3 

Actual. 

Per 
500  Ibt. 

500 

.4859 

.4858 

.5063 

.5063 

.4960 

(Covered  with  dark  oxide  and 
(     curved  considentbly. 

6,500 

•4993 

.4993 

.5063 

.y63 

.5078 

.0117 

.0010 

10,500 

.5044 

•5044 

•5«$7 

.5260 

•$i5« 

.0073 

.0009 

14,500 

.5«03 

.5104 

.5350 

.5350 

.5337 

.0076 

.0009 

15.500 

.510Q 

.5108 

.5384 

.538a 

.5346 

.0019 

.0010 

16,000 

.5117 

.5117 

•5407 

•5407 

.5363 

.0016 

.0016 

16,500 

.5130 

.5119 

.543" 

•5433 

.5276 
.5288 

.0014 

.0014 

Broke  outside  measured  section. 

17,000 

.5««4 

.5136 

. -5453 

•545* 

.0013 

.0013 

1 7, 500 

.5170 

•$5»5 

.5343 

.0055 

.0055 

Length  between  clamps   .    . 
Dimensions  of  cross  section  . 

Elastic  limit 

Maximum  load 

Dimensions  of  fractured  sect., 

Ultimate  extension  .... 

Elastic  elongation  for  10,000 

lbs.  load  equals     .... 


It 


10 

3.01  X  J(.09oa  +  -o9«2)" 

15,500  lbs. 

33,490  lbs. 

1.83"  X  .081" 

.78" 

0.0190" 


Area  of  original  section;  sq.  ins .1833 

Elastic  limit ;  lbs.  per  sq.  in 85,000 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.  .  xa3,4oo 

Area  of  fractured  section;  sq.  in.      ...  .148a 

Reduction  of  area  of  cross  section ;  per  cant ,  18. 7 

Ultimate  extension;  per  cent 7.8 

Modulus  of  elasticity 38,870,000 


TENSION   TEST. 


Specimen,  Steel.    Date,  January  15,  1S96. 


Loads. 

MiCROMETEK  READINGS. 

Mean. 

Differences. 

Remarks. 

Actual. 

13                     13 

Actual. 

Per 

500  lbs. 

1,500 

.7366 

.7266 

.6941 

.6941 

.7104 

15,500 

.7398 

.7398 

•73»S 

.73 « 6 

•7357 

.0353 

.0009 

( Covered  with  dark  oxide  and 
curved  considerably. 

17,500 

.7436 

•7437 

•7360 

.7360 

.7398 

.0041 

.0010 

19,000 

.7468 

.7468 

.7388 

.7388 

.7428 

.0030 

.0010 

19,500 

.7475 

•7476 

•7440 

.7399 

.7438 

.0010 

.0010 

30,000 

.7480 

.7480 

•7415 

.7416 

•7448 

.0010 

.0010 

30,500 

.749« 

•7489 

.7427 

.7428 

.7459 

.0011 

.0011 

Broke  outside  measured  section. 

31,000 

•7502 

.7502 

•7443 

•7442 

•7472 

.0013 

.0013 

31,500 

•75»3 

.75»2 

.7454 

•7«S 

.7484 

.0012 

.0013 

33,00O 

.7521 

.7521 

.7468 

.7468 

•7495 

.OOII 

.0011 

23,500 

•7533 

•7534 

.7480 

.7480 

•7507 

.0013 

.0013 

33,500 

.7559 

.7561 

.7508 

•7509 

•7534 

.0037 

.0014 

34,000 

.7574 

.7573 

.7523 

.7523 

.7548 

.0014 

.0014 

24.500 

.7589 

•7587 

.7540 

.7540 

•75^ 

.0016 

.0016 

25,000 

.7602 

.7558 
.7583 

.7580 

.0016 

.0016 

35,500 

.7618 

.7601 

.0021 

.003 1 

tt 


Length  between  damps 10 

Dimensions  of  cross  section  ....  3.01"  X  .1015" 

Elastic  limit 30,500  lbs. 

Maximum  load 30*550  lbs. 

Dimensions  of  fractured  section     .     .  1.96"  X  .0995" 

Ultimate  extension .06" 

Elastic  elongation  for  16,000  lbs.  load 

equals •0394" 


Area  of  original  section ;  sq.  ins.  ....         .30403 

Elastic  limit ;  lbs.  per  sq.  in 100,500 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.   .       149,700 

Area  of  fractured  section ;  sq.  in 19503 

Reduction  of  area  of  cross  section ;  per  cent.,  4.4 

Ultimate  extension ;  per  cent .6 

Modulus  of  elasticity 361700,000* 
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TENSION  TEST. 


Specimen,  Steel.    Date,  January  15,  1896. 


Loads. 

MiCROMBTBR    READINGS. 

MSAN. 

DiFFBKBNCBS. 

Remarks. 

Actual. 

I 

2 

I        2 

Actual. 

Per 

500  Ibt. 

1,500 
13.500 

.4561 
.4836 

•4559 
•4834 

.5223 
•5394 

•5224 
.5394 

.4892 
.5115 

1 

1 

.0223 

.0009 

( Covered  with  daric-colored  oz- 
\     ide  and  curred  contiderably. 

14,500 

•^2p 

•4852 

.5413 

•54'4 

.5»33 

.0018 

.0009 

15,000 

.4862 

.4862 

•5422 

-5422 

.514a 

.0009 

.0009 

15,500 

.4872 

•^?r 

.5432 

•5430 

.5151 

.0009 

.0009 

36,000 

.4882 

.4881 

.5442 

•5440 

.5161 

.0010 

.0010 

36,500 
17.500 
38,000 

.4891 
.4916 
.4926 

.4891 
.4916 
.4927 

•5452 
.5469 
.5478 

•5454 
.5469 
.5478 

.5172 
.5192 
.5203 

.0011 
.0020 
.0011 

.0011 
.00  to 
.0011 

Jt8,500 
19,000 

•4942 
.4960 

.4940 
•4988 

.5483 
•5496 

.5484 
.5497 

.5212 

.5228 

.0009 
.0016 

.0009 
.0016 

19,500 

.4988 

•5533    

.5261 

.0033     !     .0033 

X.ength  between  clamps     .    .    .  10" 
I>imensions  of  cross  section  .    .  2  X  ^  (.0909 -f- '0908)" 

Elastic  limit 18,500  lbs. 

Maximum  load 24,500  lb*. 

]>iraensions  of  fractured  section,  1.84"  X  .081" 

Ultimate  extension .78" 

JElastic  elongation  for  12,000  lbs. 

load  equals .0223" 


Area  of  original  section;  sq.  ins .1817 

Elastic  limit ;  lbs.  per  sq.  in 101,800 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.  .  134.800 

Area  of  fractured  section;  sq.  in -1490 

Reduction  of  area  of  cross  section ;  per  cent.,  18.0 

Ultimate  extension  ;  per  cent 7.8 

Modulus  of  elasticity 39,620,000 


TENSION  TEST. 


Specimen,  Steel.    Date,  January  15,  1896. 


Loads. 

MiCROMBTBR   RbADINGS. 

Mban. 

DiFFBRBNCBS. 

Rbmarks. 

Actual. 

I                      2                      I                     2 

Actual. 

Per 

500  lbs. 

500 
15,500 
16,000 
16,500 

.4469 
.4815 
.4825 
.4836 

•4471 
•4S«3 
.4823 
•4837 

.4924     .     ^4926 
.5141           .5141 
.5149          .5150 
.5166     .     .5167 

.4698 

•4978 

•4987 
.5002 

.0280 
.0009 
.0015 

.0009 
.0009 
.0015 

Broke  outside  measured  section. 

Length  between  clamps 10" 

Dimensions  of  cross  section     ....  2"  X  .0911" 

Elastic  limit 16,000  lbs. 

Maximum  load 3S>38o  lbs. 

Dimensions  of  fractured  section   .     .     .  1.S5''  x  .063" 

Ultimate  extension .625" 

Elastic   elongation  for  15,000  lbs.  load 

equals .0280" 


Area  of  original  section;  sq.  ins.   ....  .183a 

Elastic  limit ;  lbs.  per  sq.  in 88,000 

Maulmum  load ;  lbs.  per  sq.  in.  orig.  sect.   .  i39f3oo 

Area  of  fractured  section ;  sq.  in .1 166 

Reduction  of  area  of  cross  section ;  per  cent. ,  36.0 

Ultimate  extension;  per  cent 6.25 

Modulus  of  elasticity 29,610,000 
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TENSION   TEST. 
Specimen,  Composition.     Date,  March  17,  1S96. 


Loads. 

MicitOMBTKR  Readings 

>. 

1 

'  DiFFKRHNCSS. 

Mban. 

1 

Rbmarks. 

Actual. 

I 

2                  I 

2 

Actual. 

500 

.1158 

.1157 

.1211 

.1209 

.1184 

3.500 

.1223 

.1223 

.1346 

."45 

"34 

.0050 

85%  copper. 
7%  tpelter. 
8%  line. 

4»5oo 

•  1250 

.1252 

.1261 

.1262 

.1256 

.0022 

5.500 

.1302 

.1301 

.1296 

.1295 

.1298 

.0042 

6,500 

.1467 

.1465 

.1447 

•1445 

.1456 

.0158 

Lcng;th  between  clamps lo" 

Dimension  of  cross  section 7555"  ^^ 

Maximum  load 13.200  lbs. 

Dimension  of  fractured  section 6681  "dia. 

Ultimate  extension 1.28" 

Elastic  elongation  for  3,000  lbs.  load  equals,  .005" 


Area  of  original  section ;  sq.  ins .448> 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.  .  29,400 

Area  of  fractured  section;  sq.  in .351 

Reduction  of  area  of  cross  section ;  per  cent.,  2 1 .8> 

Ultimate  extension ;  per  cent 12.8 

Modulus  of  elasticity x3,40o,oo(> 


TENSION   TEST. 
Specimen,  Brass  Rod.    Date,  March  18,  1896. 


Loads. 

MiCROMBTRR   RbADINCS. 

klEAN. 

f 

DiFFBRBNCBS. 

Remarks. 

11 

Aaual. 

12                          1 

2 

Actual. 

Per 

1,000  lbs. 

500 

.1170 

.1172 

.2781 

.2779 

.1976 

1 

1,500 

.1181 

.1181 

.2922 

.2924      1 

.2052 

.0076 

.0076 

Fractured  in  holder. 

2,500 

.X189 

.1189 

.2940 

.2940 

.2065 

.0013 

.0013 

3.500 

.120a 

.1203 

.2954 

•2953 

2078 

.0013 

.0013 

4.500 

.1215 

.1216 

.2972 

.2972 

.2094 

.0016 

.0016 

5.500 

.1230 

.1231 

.2990 

.2990 

21 10 

.0016 

.0016 

6,500 

.1236 

.1238 

.3000 

.3000 

.21  19 

.0009 

.0016 

7,000 

.1250 

.1251 

.3007 

•3009 

.2120 
.2138 

.0010 

o,uuu 

.1256 

.1256 

.3019 

.3019 

.0009 

.0019 

.1263 

.1263 

•3029 

.3028 

.2146 

.0008 

8,500 

.1271 

.1271 

.3036 

.3036 

.2154 

.0008 

.0016 

9,000 

.1281 

.1280 

.3043 

.3045 

.2163 

.0009 

9,500 

.1288 

.1288 

•3055 
.3058 

•3054 

.2172 

.0009 

.0018 

10,000 

.1294 

.1294 

•3059 

.2176 

.0004 

10,500 

.1299 

.1300 

.3069 

.3069 

.2185 

.0009 

.0013 

11,000 

.1307 

.3078 

.2192 

.0007 

11,500 

.1315 

.3088 

.2202 

.0010 

.0017 

12,000 

.1327 

.3096 

.2212 

.0010 

12,500 

.133a 

.3101 

.2217 

.0005 

•0015 

13,000 

•1339 

.3111 

.2225 

.0008 

13,500 

.1348 

.3117 

.2233 

.0008 

.0016 

14,000 

•1356 

•3«25 

.2241 

.0008 

"4,500 

.1361 

•3«37 

.2246 

.0005 

.0013 

15,000 

•«370 
.1384 

.3140 

•2255 

.0009 

.0018 

16,000 

.3156 
.J184 

.2270 

.0015 

.0015 
.0020 

17,000 

.140K 

.2296 

.0026 

18,000 

.1422 

•3203 

■2313 

.0017 

.0017 

19,000 

.1442 

.3218 

.2330 

.0017 

.0017 

ao.ooo 

.1462 

.3238 

.2350 

.0020 

.0020 

21,000 

.148S 

.3257 

■2372 

.0022 

.0023 

22 ,000 

.1509 

.3281 

•2395 

.0023 

.0020 

24,000 

•»55« 

.3318 

■2435 

.0040 

.0035 

26,000 

.1613 

•3396 

•2505 

.0070 

.0027 

28,000 

.1683 

•3434 

•2559 

•0054 

.0072 

30,000 

.1823 

.3583 

.2703 

.0144 

tt 


10 
"  dia. 


Length  between  clamps 

Dimension  of  cross  section 756 

Maximum  load 31,650  lbs. 

Dimenvion  of  fractured  section 5475"  dU. 

Elastic  elonKation  from  5,500  to  9,500  lbs. 
load  Muau .0062" 


Area  of  original  section ;  »q.  ins .44^ 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.  .  70,500 

Area  of  fractured  section ;  sq.  in .335 

Reduction  of  area  of  cross  section ;  per  cent.,  47.6 

Modulus  of  elasticity 14,300,000 
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TENSION   TEST. 


Specimen,  Brass  Rod.     Date,  March  2j,  1896. 


Loads. 

MiCROMKTBR  RbADINGS. 

DiFFBRBNCBS. 

Mban. 

Rbmakks. 

Actual. 

I 

2 

I 

2 

Actual. 

500 

.1069 

.1067 

.3612 

.3612 

.2340 

3.500 

.1112 

.nil 

•365s 

.3656 

•2383 

.0043 

Spedmen    fractured    in 

6,500 

.1160 

.1159 

.36«;6 

.3698 

.2428 

.0045 

holder. 

500 

.1082 

.1081 

.3600 

.3S99 

.2340 

10,000 

.1222 

.1223 

.3746 
.3781 

•3746 

•2484 

At  30,000  in.  lbs.  load  the 

IJ,000 

.1250 

.1251 

•3781 

•2516 

.0032 

scale  beam  dropped. 

14,000 

.1286 

.1284 

.3816 

.3814 

•2550 

.0034 

16,000 

.1322 

.1321 

.3850 

.3849 

.2585 

•0035 

• 

18,000 

•1356 

.1358 

•3895 

•3893 

.2625 

.0040 

ao,ooo 

.1401 

.1402 

•3933 

•3932 

.2667 

.0042 

22,000 

•M47 

•M4S 

•39S1 

.3982 

.2714 

.0047 

24,000 

.1492 

.«4<^3 

.4025 

.4025 

•2759 

•0045 

26,000 

.1553 

•«55» 

.4152 

•4«52 

.2814 

.0055 

28,000 

.1628 

.1627 

.4152 

.4152 

.2890 

.0076 

Length  between  clamps 10" 

Dimension  of  cross  section 0.754"  dia. 

Maximum  load 3it333  lbs. 

Dimension  of  fractured  section 538"  dia. 

Elastic  elongation  for  6,000  lbs.  load  equals,  .0088" 


Area  of  original  section ;  sq.  ins .446 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.,  70,200 

Area  of  fractured  section ;  sq.  in .227 

Reduction  of  area  of  cross  section ;  per  cent.,  49.  i 

Modulus  of  elasticity 15,300,000 


TENSION  TEST. 


Specimen,  Brass.    Date,  March  24,  1896. 


Loads. 

MiCBOMBTBB  RbADINGS. 

DiFFBRBNCBS. 

Mban. 

Rbmarks. 

Actual. 

I 

2                      1 

2 

Actual. 

500 

•3512 

•35i« 

.1021 

.1023 

.2267 

65  %  copper. 
35  %  tpeUer. 

1,000 

•3536 

.3536 

.1020 

.1018 

.2278 

.0011 

1,500 

•3543 

•354« 

.1030 

.1032 

.2287 

.0009 

2,000 

•3552 

•355* 

.1041 

.1043 

.2297 

.0010 

Fractured  outside  meas- 

2,500 

•3572 

•357« 

.1056 

.1054 

.2316 

.0019 

ured  section. 

3,000 

.3608 

•3609 

.1095 

:;sj 

•2352 

.0036 

3,500 

•3695 

•3700 

.1191 

..445 

.0093 

Length  between  clamps lo" 

Dimension  of  cross  section 754"  dia. 

Maximum  load io,26olbs. 

Dimension  of  fractured  section 675"  dia. 

Elastic  elongation  for  1,000  lbs.  load  equals,       .ooao" 


Area  of  original  section ;  sq.  ins .446 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.  .         23,000 

Area  of  fractured  section;  sq.  in .358 

Reduction  of  area  of  cross  section ;  percent.,  19.9 

Modulus  of  elasticity    . 11,200,000 
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TENSION   TEST. 
Spodmen,  Composition.    Dale,  March  v},  1896. 


Lvfth  between  climpi 


Atu  of  originil  K 


Lmuid  IduS  ....-.----    1J.J3II  Ib^-        hm,  of  fnctured  Kction;  tq,  ir 

Esiioii  of  (nctuied  KCIioa 8730"  dli.        RidudiDn  of  ini  af  cnia  icctlon 

[kd«ip(uii1arjpOoo]b«.loAdcqiiA]ft,  .0DJ7"       Moduliu  ol  eliukfly    .    .    .    . 


TENSION   TEST. 
Specimen,  Aluminum  Alloy.     Dite,  April  i,  1896. 


Loads. 

hRi 

....Ol 

Mu 

AEtnal. 

Periq.io. 

■ 

' 

' 

)O0 

..;« 

..J4.             1             ..,4- 

.iV 

i.'soo 

.IJJJ                      .1)61 

;;S 

■™ 

L«i|lh  belwHD  cUiD[ 


DimcnAlDiu  of  fnaured  Kction 


£1afldc  clongBtion  for  3,Doa  Ibi  load  equiili. 
MaKlmum  Icdd ;  Ibi.  per  iq.  in.  oH|.  KCl., 
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TENSION  TEST. 


Specimen,  Bronze  Alloy.    Date,  May  i,  1S96. 


Loads. 
Actual. 

MiaioMBTBK  Rbadings. 

I                         2                         I                         2 

Mban. 

DiFFBKBNCBS. 

Actual. 

Rbmarks. 

500 
1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 

.1117 
.1119 
.1130 

."39 
.1146 
.1152 
.1x60 
.X168 
.1182 
.1210 

.1117 
1118 

.1130 
.1138 

"47 

"53 

.1158 

.1169 

1182 

.1210 

.X056 
.X058 
.X059 
.1064 
.X07X 
.1080 
.X092 
.1x08 

•"35 
•"95 

.1056 
.X058 
.X060 
.X064 
.X072 
.1080 
.X092 
.1x08 
.XX36 

•  "95 

.1086 
.X088 
.X095 

.XIOX 

.1x09 
.xxx6 

.XX2| 

.XX38 

•"59 

.X202 

.0003 
.0007 
.0006 
.0008 
.0007 
.0009 
.0013 
.0021 
.0043 

At  X0.000  in.  lbs.  load  the 
scale  beaun  dropped. 

Fractured  outside  meas- 
ured section. 

Specimen  was  distorted 
so  badly  at  break  that 
dimensions  of  fractured 
section   could  not   be 
Uken. 

Length  between  clamps 6" 

Dimensions  of  cross  section 52"  x  1.54" 

Maximum  load "1x50  lbs. 

Elastic  elongation  for  x,ooo  to  5,000  lbs. 
load  equals .0028" 


Area  of  original  section ;  sq.  ins.      .    .    .  .88x 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.,  13,900 

Reduction   of  area  of  cross  section;  per 

cent None  apparent 

Modulus  of  elasticity 10,700,000 
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Tension  Tests  of  Wire. 


212      Results  of  Tests  Made  in  the  Engineering  Laboratories. 
TENSION   TESTS   OF   WIRE. 
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TENSION   TESTS   OF   \S IKE,  ^  Continued, 


i 


3  I  H 


6s7 

•  •  • 

570 
570 
513 

•  •  • 

60S 

•  •  • 

aSs 
a66 

361 
a66 


a66 
966 
S85 

304 

a66 
988 


4$6 
304 
304 

•  ■  • 

•  •  • 

418 


494 
456 
5*3 
475 


43.800 

39.800 
39,aoo 
35.800 
34.000 

64,000 

60,000 
68,200 
45,800 
56.700 
54.300 
73.600 
54.300 


50,400 
50.400 
54.000 
57,600 
39.600 
50,400 
45,100 
55,300 
43,200 
40,100 
47.300 


53.000 
35.JOO 
33,700 

48,500 


76,000 
69,900 
79,600 
72,900 


1,007 

&;3 

«74 
865 

646 

868 

893 
864 


959 

988 

940 

70 

70 

K 

3* 
94 
•3 
94 
56 
75 
13 
94 
75 
54 
494 
94 
06 

M83 


260 

a94 

475 
670 

49» 
494 
504 

508 

504 
50S  j 

513 
5»7  I 
508  , 

513; 
499  I 
53* 

494 

532 
285 

294 

437 
5»3 
223 
950 

974  ! 

9^ 

950 

931 


70.400 

61,500 

61,100 

59,500 

45,100 

59,800 

62,400 

90,900 

103,000 

104,000 

93,700 

113,000 

ii3,oor> 

112,000 

120,000 

109,000 

98,300 

99,600 

93,500 

86,300 

89,^/00 

97,100 

93,5«> 

71,000  ] 

57,200 

95,900 

93,500 

67,400  ; 

61,500 


345,«» 
296,000 

262,500 
285,030 
57,600 
57,600 
58,800 
59.800 
59,800 
59,3«o 
59,600 
60,200 
61,800 
59,600 
60,200 
58,700 
61,800 

57,100 

58,900 
334.000 

344,000 

50,700 
59,900 
54,800 
146,000 
149,000 
150,000 
146,000 
143,000 


.00528 

63.1 

.00363 

75.0 

.00724 

49-4 

.00419 

71.2 

.00332 

768 

.00396 

72.7 

.00608 

57. 5 

•00454 

52.3 

.00332 

64.4 

.00466 

51.0 

.00396 

60.5 

.00292 

41.9 

.00246 

51.0 

.00229 

53.3 

.00353 

28.1 

.00202 
.00283 

40.4 

43.8 

.00196 

61.9 

.00189 

64.3 

.00166 

68.5 

.00255 

51-7 

.00238 

55.0 

.00181 

657 

.00173 

67.1 

.00754 

65.6 

.00204 

60.4 

.00132 

75.0 

.00899 

56.9 

.00985 

5a.i 

■  •  • 

•  ■  • 

•  *  • 

•  ■  • 

■  ■  • 

•  •  • 

•  •  • 

J 

•00427 

•  •  •  1 

•  •  •  I 

•  •  •  1 

•  •  •  4 

•  •  • 

■  •  •  « 

■  •  •  1 

•  •  •  « 

•  •  • 

50.. 

) 

•00442 

49.0 

.00604 

33.1 

•  •  •  • 

.00455 

•  •  •  ■ 

47-3 

.00353 

58.8 

.000940 

76.9 

.00425 

34-6 

.00316 

51.6 

•00374 

42.0 

.00407 

375 

•00394 

39'( 

) 

Fractured  at  lower  grip. 
Fractured  at  lower  grip. 
Fractured  at  lower  grip. 
Fractured  at  lower  grip. 

Fractured  at  lower  grip. 

Fractured  at  lower  grip. 


Straight  grip  at  upper  end,  round  grip  at  lower  end. 
(  Straight  gnp  at  upper  end,  round  grip  at  lower 
(     end.     Fractured  at  lower  srip. 

Straight  grip  at  each  end.     Fractured  at  lower  grip. 

(  Specimen  contained  soldered  splice  3  indies  long. 
(     It  did  not  fracture  at  splice. 


Fractured  at  lower  grip. 

Fractured  at  lower  grip. 
Fractured  at  lower  grip. 


1895. 
Oct.  21 
Oct.  23 
Oct.  23 
Oct.  25 
Oct.  2^ 
Oct.  a8 
Oa.  30 
Nov.  4 
Nov.  4 
Nov.  5 
Nov.  6 
Nov.  7 
Nov.  7 
Nov.  8 
Nov.  12 
Nov.  13 
Nov.  14 
Nov.  14 
Nov.  iS 
Nov.  25 
Nov.  27 
Dec.  5 
Dec.  6 
Dec.  6 
Dec.  7 
Dec.  9 
Dec.  10 
Dec.  12 
Dec.  13 


Mar.  10 

Mar.  II 
Mar.  13 

Mar.  16 

Mar.  17 
Mar.  19 

Mar.  ao 
Mar.  27 
Mar.  27 
Mar.  31 
April  1 
April   2 
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TENSION  TEST. 


Specimen,  No.  13  Piano  Wire.    Date,  January  16,  1896. 


Loads. 

MiCSOMBTBR  RbADINGS. 

DiFFSKBMCBS. 

Loads. 
Actual. 

MlCROMBTBR  READINGS. 

DirrsRBNCBS. 

Actual 

Actual. 

Per 

9.5  lb«. 

Actual. 

Per 
9.5  Uw. 

19.0 
38.0 
57.0 
76.0 

85.5 
95.0 

«04-5 
114.0 

.8823 
.7970 

.7113 
.6247 

.5808 
•5357 

.4895 

.4430 

•  •  •  • 

.0853 
.0857 
.0866 
.0439 
.0451 
.0462 
.0465 

•  •  •  • 

.0427 
.0428 

.0433 

.0439 
.0451 

.0462 

.0465 

123.5 
133.0 
J42.5 
152.0 
161. 5 
171.0 
180.5 
190.0 

•3965 

.3495 
.3000 

.2484 

.197a 
.1452 
.0922 
.0350 

.0465 
.0470 
.0495 
.0516 
.0512 
.0520 
.0530 
.0572 

•046s 
.0470 
.0495 
.0516 
.0512 
.0520 
.0530 
.057a 

Length  between  clamps 100" 

Dimension  of  cross  section o3to"dia. 

Maximum  load 260.3  lbs. 

Elastic  elongation  for  19  to  38  lbs.  load 
equals '0853" 


Area  of  original  section ;  sq.  ins 00075s 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.,        344.900 
Modulus  of  elasticity 29,510,000 


TENSION  TEST. 


Specimen,  No.  16  Giese  Wire.     Date,  January  18,  1896. 


Difpbrbncbs. 

DlPPBRBNCBt^ 

Loads. 

MiCSOMBTBR  RbADINGS. 

Loads. 

MlCROMBTBR  RbADINCS. 

Actual. 

Actual 

Per 

9.5  lbs. 

Actual 

Actual. 

Per 

9.5  IbB. 

19.0 

.8138 

1 

1       • 
••••                  •••• 

152.0 

.3496 

.0349 

.0349 

570 

.6845 

.1293 

.0323 

161. 5 

.3i4« 

•0355 

•0355 

66.5 

.6520 

•0325 

•0325 

171.0 

.2776 

.0365 

.036$ 

76.0 

.6194 

.0326 

.0326 

180.5 

.2407 

.0369       .0369 

85.5 

.5870 

.0324 

.0324 

190.0 

.2025 

.0382    ,    .038a 

95.0 

.5536 

.0334 

0334 

«99-5 

.1637 

.0388 

.038S 

J04-5 

.5«99 

•0337 

.0337 

209.0 

.1230 

.0407 

.0407 

1 14.0 

.4867 

.0332 

.0332 

218.5 

.0809 

.0421 

.0421 

"3-5 

.4539 

.0338 

.0338 

22S0 

.0370 

.0439 

.0439 

1330 

.4185 

•0344 

■0344 

232.75 

.0115 

.0255 

.0510 

142.5 

.3845 

.0340 

.0340 

1 

Length  between  clamps 100" 

Dimension  of  cross  section 0356"  dia. 

Maximum  load 294.5  lbs. 

Elastic  elongation  for  19  to  57  lbs.  load 
equals 'isos" 


Area  of  original  section ;  sq.  ins 00099538 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect,         295,860 
Modulus  of  elasticity 29,535^000 
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TENSION  TEST. 


Specimen,  No.  22  Piano  Wire.     Date,  January  16,  1896. 


Loads. 

DirnmBNCBs. 

- 

Loads. 

MiCKOMBTBft  Readings. 

DirrBRBNCss. 

Actod. 

Actual. 

1 

Per 

9.5  Ibt. 

Actual. 

Actual. 

Per 

9.5  ibt. 

38.0 

.8961 

■■••                  ••■• 

266.0 

•4334 

Reset  microm. 

76.0 

.8a44 

.0717    1    .0179 

114.0 

.7518 

.0736       .0181 

»75$ 

.4128 

.0206 

.0206 

t6i.5 

.6588 

.0930    '    .0186 

285.0 

.39 » 2 

.0216 

.oai6 

180.5 

.6204 

.0384       .0193 

«94.5 

.3686 

.0226 

.0226 

190.0 

.6010 

.0194       .0194 

304.0 

.3447 

.0239 

.0239 

•99-5 

.5813 

.0197       .0197    ' 

3«3.5      ' 

.3211 

.0236 

.0236 

aoo.o 
ails 

.$614 

.0199       .0199 

323.0      , 

.2975 

.0236 

.0236 

.5410 

.0204       .0204 

332.5 

.2730 
.2484 

.0245 

.0245 

aaS.o 

.5206 

.0204       .0204    ■ 

342.0      1 

.0246 

.0246 

2375 

.5000 

.0206       .0206 

361.0 

.1966 

.05  iX 

.o2j;9 
.0289 

a47-o 

.479a 

.oaoS        .oao8    ' 

380.0 

.1388 

.0578 

a56.5 

.4581 

.oaii    ,    .0211 

' 

Langth  between  damps xoo" 

Dimension  of  cross  section 0480"  dia. 

Maximum  load 475  lbs. 

Elaatic  elongation  for  38  to  76  lbs.  load 
squab .0717" 


Area  of  original  section  ;  sq.  ins. 001810 

Maximum  load;  lbs.  persq.  in.  orig.  sect.,         262,500 
Modulus  of  elasticity 29,290,000 


TENSION  TEST. 


Specimen,  No.  24  Giese  Wire.     Date,  January  18,  1896. 


DlFFKRBNCBS. 

!l 

1 

g 

8 

B 
p 

• 

MlGROMBTBK  RbA DINGS. 

E 

g 

S 

Actual. 

^"8 

--2 

^  e 

c 
c 

fS 

:!l 

.a 

"2  0* 

2  ii 

■     i 

«.5 

og 

(« 

.2  8. 

it 

< 

H 

u 

u 

0. 

38.0 

.8533 

. 

1 14.0 

.743  « 

.1102 

.1102 

38.0 

.8529 

.1098 

.0137 

.0004 

190.0 

.6328 

.1103 

.2205 

38.0 

.851a 

.2IS4 

.0137 

.0021 

266.0 

.8448 

.1154 

.3359 

38.0 

•3»74 

.0136 

.00S5 

342.0 

.3939 
.8334 

.1235 

.4594 

38.0 

.4395 

•0137 

.0199 

418.0 

.2620 

.i3«9 

.S9«3 

38.0 

.8144 

.5524 

.0138 

.03S9 

456.0 

.1912 

.0708 

.6621 

494.0 

.1087 

.0825 

.7446 

Length  between  damps 10/' 

Dimension  of  cross  section 0547"  dia. 

Maximum  losd 669.8  lbs. 


Area  of  original  section  ;  sq.  ins 0023  $ixj 

Maximum  load;  lbs.  per  sq.  in.  orig.  sect.,         285,030 

Modulus  of  elastidty 29,347,000 

Special  modulus  of  elastidty  between  38 
and  114  lbs 29,454,000 
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TENSION  TEST. 


Specimen,  Giese  Wire.    Date,  March  13,  1896. 


Loads. 

MiCROMBTSK  RbADINGS. 

Mean. 

DirPSRBNCBS. 

Rbmamcs. 

Actxul. 

I                             3 

Actual. 

95 

.8706                     .8706 

.8706 

"4 

.7948                     .7946 

•7947 

.0759 

Fractured  i}"  from  lower  holder. 

133 

.7174                 .7»73 

•7«74 

•0773 

»S* 

.6386 

.6386 

.6386 

.0788 

171 

•5005 

.5006 

.5006 

.1380 

190 

.4603 

.4603 

.4603 

.0403 

309 

•3594 

•3594 

•3594 

.1009 

338 

•2573 

.2573 

•2573 

.1031 

Length  between  clamps 100" 

Dimension  of  croM  section 0339"  dia. 

Maximum  load 385  lbs. 

Elastic  elongation  for  57  lbs.  load  tquals  .  .3330" 


Area  of  original  section ;  sq.  ins 00085a 

Maximum  load ;  lbs.  per  sq.  in.  orig.  sect.,         334,000 
Modulus  of  elasticity 38,800,009 


TENSION  TEST. 


Specimen,  Giese  Wire.     Date,  March  16,  1896. 


Loads. 
Actual. 

MiCKOMBTBR  RbADINGS. 
I                             3 

Mban. 

DiFFBRBNCBS. 

Actual. 

Rbmarks. 

57 
76 

95 
114 
133 

»52 

171 
190 

•8573 
•7988 

.6883 

•5952 

•5055 
.4161 

.3205 

.3306 

•8574 
.7990 
.68S4 

•5952 
.5050 

•4»59 
.3204 

.3308 

.85735 
.79890 

.68830 
.59520 
.50535 
.4160 

•32045 
.3307 

•05845 
.11060 

.09310 

.08995 

.08925 

•09555 

•09975 

Soldered  splice  3"  long. 

Did  not  fail  at  splice. 

The  increase  in  the  stretch  at  95  lbs.  load 
is  probably  due  to  splice  drawing  tight. 

Length  between  clamps 100" 

Dimension  of  cross  section 033"  dia. 

Maximum  load 294*5  ihs. 


Area  of  original  sectibn ;  sq.  ins .000855 

Maximum  load;  lbs.  per.  sq.  in.  orig.  sect.,        344,000 
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Torsion  Machine. 

A  description  of  the  machine  upon  which  these  tests  were  made 
will  be  found  in  Vol.  VI,  No.  4,  of  the  Technology  Quarterly.  Since 
the  publication  of  that  description,  the  measuring  apparatus,  which 
proved  unsatisfactory,  has  been  replaced  by  the  following  : 

Two  telescopes  mounted  on  cast-iron  frames  are  clamped  to  the 
specimen,  one  at  each  end  of  the  measured  section,  and  focused  on 
two  vertical  scales  placed  500  inches  from  the  axis  of  the  specimen, 
measured  in  a  line  perpendicular  to  it  at  each  telescope.  The  scales 
are  graduated  to  tenths  of  an  inch  from  a  zero  below  the  level  of  the 
axis  of  the  specimen.  The  reading  of  the  level  of  the  center  of  the 
specimen  on  each  scale  was  carefully  determined  once  for  all. 

The  angle  which  the  axis  of  the  telescope  makes  with  the  hori- 
zontal =  tan'"'  {reading  of  telescope  on  scale —  (reading  of  level  of 
center  of  specimen  on  scale  +  height  of  center  of  telescope  above 
center  of  specimen)}  -f-  500- 

With  the  initial  load  on  the  specimen,  the  telescopes  are  set  to 
read  at  the  tops  of  the  scales.  Check  readings  are  taken  on  each 
telescope.  The  mean  of  each  pair  of  check  readings,  corrected  by 
subtracting  the  difference  in  height  between  the  center  of  the  tele- 
scope and  the  zero  of  the  scale,  gives  the  ordinate  of  the  tangent  of 
the  angle  which  the  axis  of  the  telescope  makes  with  the  horizontal. 
The  angle  itself  is  found  from  a  table  of  natural  tangents  and  recorded 
on  the  log.  This  operation  is  repeated  at  every  load.  Then  the  dif- 
ference between  each  two  successive  angles  of  each  telescope  with 
the  horizontal  is  the  angle  through  which  the  telescope  moves  under 
each  increment  of  load,  while  the  difference  between  the  angle  through 
which  the  power  end  telescope  moves  under  an  increment  of  load  and 
the  angle  through  which  the  scale  end  telescope  moves  under  that 
increment  is  the  angle  of  twist  of  the  specimen  in  its  gauged  length. 

The  maximum  angle  of  each  telescope  with  the  horizontal  is  about 
9°  30'  when  it  is  reading  on  the  top  of  the  scale.  When  it  has  turned 
down  to  an  angle  of  from  2°  to  5°,  it  must  be  reset  to  read  on  the  top 
of  the  scale  again,  as  other  apparatus  in  the  room  prevents  lower  read- 
ings. The  errors  of  this  apparatus  have  been  carefully  determined  and 
found  to  be  insignificant  within  the  limit  of  accuracy  kept  in  the  angles, 
which  are  recorded  to  the  nearest  ten  seconds. 

The  spring  balance  which  was  formerly  used  to  weigh  the  moment 
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of  twist  of  the  specimen  has  been  replaced  by  a  scale  beam  gradu- 
ated directly  in  inch  pounds,  and  reading  to  90  inch  pounds  by  actual 
division.  As  these  smallest  divisions  are  about  \  inch  in  length,  how- 
ever, the  load  can  be  weighed  by  estimation  with  greater  precision 
than  90  inch  pounds.  The  tests  of  small  specimens  and  of  wire 
were  made  on  a  similar  machine  mounted  on  the  bed  of  a  lathe. 
The  weighing  beam  of  this  machine  is  graduated  so  that  it  is  possible 
to  weigh  twisting  moments  to  one  tenth  of  an  inch  pound. 

TORSION  TESTS   ON   WIRE. 
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TORSION   TEST. 
Specimen,  Heiaemer  Steel.      Dale,  Octol>er,  24,  1S95. 


7,100  qj.os  «.o3     gj.87 


o  76.40  J6,40  tl4.oo 


i:|| 

W§S3^ 

ii:i:: 

>jl4ft 

SSt.. .;. 

»l.l6]o 

■  a,  14 

lH7l4^ 

l;;l- 

40^54 

Hcighl  of  cinltr  ol  IclEKnpc  above  anlti 
Lenglh  of  ipcdmen  bclwHn  jaws     ■    . 

L«DgIh  ol  spccinxn  belreen  lektcopH 

NumtKrof  iiiniiof  specimen  beiween  jav 
Oul^de  liber  •trn>  11  clHik  limit  .  . 
Anglt  o(  twijt  belween  i.Sm  in.  ]h<.  ind  -. 


Results  of  Tests  Made  in  the  Eugitieering  Laboratories.      221 

TORSION  TEST. 
Specimen,  Bessemer  Steel.      Date.  October  30,  1895. 


Heighl  of  center  of  ulucope  aboK  center  of  IcU  piece j.  ro" 

Length  of  ipecimen  belween  jaws J7,s" 

LenElh  of  specimen  between  lelcicopei 4o,fx>" 

Elutlc  limit  in  lorwon ly.nmbi.  lb*. 

OnUlde  fiber  ilreu  al  elutic  limit i;,6a>lbi.  pereq.  in. 

Appvenloutiide  fiber  imuiucilciilited  fmin  mulmnni  iniiting  nHimeni   ,     .     .  67,600  Ibi.  pet  jq.  in. 

Shearing  moduluaof  ehuiciiy  belweeo  ],6Diiin.  Iba.  andc^^oaln.  Ibi 11,900,000 

Avenge  number  of  tunu  of  ipednUA  per  foot  at  fracture   .........  1.4a 
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TORSION  TEST. 
Specimen,  Bessemer  Steel.      Date,  November  i,  1895. 


J 

SCAU  RiADIPCGS. 

'"IV.T- 

CoimpoHDiHa. 

DiffMtmcM. 

i' 

PoxrexL       1       Soltod, 

■a- 

Salt 
*>>d. 

™ 

^. 

Power 

.ni 

SoOi 

5.4W 

7>»" 

'§. 

6* '4 

Ql.fe 

83.™ 
48-1' 

*  'S>  JO 

7.   9.30 

).3',     0 

v^d 

>;  38,  10 

0,  ji;  ;= 

=.4^1^ 

K«ldhi|  o(  IeteI  af  «nl«  of  ttM  pi<«  on 
HEl|ht  of  unur  of  Ulncopc  (boTC  ctnlci 
Lenfth  of  lEHdnivii  between  |iiw«     .     . 

Dimenilon  of  crou  HCIian 

Length  o[  ipHinKn  Ixlwe to  teloGOpe* 
Elutk  limU  In  tonion 


Apparebt  ouuide  fiber  ttreu  u  calculnle 
Angte  of  Iwut  between  1, 800  in.  Ibft.  end 

ATcnfe  Dumber  of  tun»  of  ipedmen  p 


TORSION  TEST. 
Specimen,  Refined  Iron.      Date,  November  5,  (895. 


Helghl  of  center  of  teleecopc  above  center  of  tot  piece 
Length  o(  (peetmen  (Ktween  |awi 
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Angle  of  twlal  iKiween  3,600111.  ]bi.  kmd  i4,40Qin.  Itn- 
Shearlng  modului  of  elulicitv  balween  ifiao  Ok.  and  14 
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TORSION  TEST, 
Spedmen,  Refined  Iron.     Date,  November  13,  1895. 


L«nftlh  ol  specimen  bclH«n  i>w»  ............. 

IMmmrfcHi  dI  crou  Kctlon 
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Elutk  linll  in  lanUni 

Muimun  twutioK  mmKnl      -    .    . 

O^^e  litMr''HnH  M  tbitic  linU 

Apparvni  outside  liber  urest  »  okuLated  from  DUKimum  iwininf  m 

Angle  el  Iwlit  bclii«n  i.goo  in.  lb>  md  lo.Soo  in.  lbs 

Shearing  rnodului  of  elaukity  belwei 


It  [rai 


TORSION  TEST. 
Specimen,  Swedish  Iron.      Dale,  November  18,  1S95. 
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TORSION  TEST. 
Specimen,  Swediih  Iron.      Date,  November  ao,  1S95. 
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IKiuikc*  JrofD  cvnln  ol  teal  piece  (o  icale      - 

Reading  of  level  of  center  of  leil  i^ece  on  kcalc 

Height  of  cenur  o[  telHcope  abon  eenttr  <A  tot  pk« 

tienglh  ol  ipeciinen  between  jiwa 

Dlmeutkm  of  crou  uciion    -.,-.--.--,.... 

Leiwth  of  ■pecinien  between  telcBCOpet 

EliHic  llDil  ■>.  tonioD 

Miiiimim  twbdni  Bonent 

Number  of  lunu  ol  apediiieEi  belweea  javi  at  fncture  ..... 

OuUkla  fiber  ilreai  it  elulie  limit 

Apavent  outilde  fiber  slreu  4t  okuLtled  from  meiiinum  twutinf  m 

Anile  of  twlit  between  }.6oa  In.  lb>.  ami  18,000  in.  Ibt. 

Sheiring  nodulut  of  elulirilr  between  },(>»  In.  Ibt.  and  iS.oso  in.  Ibi 


TORSION   TEST. 
Specimen,  Swedish  Iron.      Date,  November  id,  1S95. 


Xfrol 


of  ti 


ReidinK  ol  le 

HeichI  of  cvDier  of  leleicope  abvre  center  of  lett  (riece  .........  5.46" 

Lcn^h  of  ipedmen  between  jam '/j" 

IHmcDaion  of  crou  lection j  lo.  dfa. 

Length  of  tpedmen  between  teltKopei  ...............  fro.no" 

EliMiE  limit  in  lonkm i4,too  In.  Ibi. 

Miilmiiia  twlitlnft  moment 79,6^  in.  lbs. 

Nnmbcr  of  tumi  ul  ipccimen  between  )aw>  it  fnciute lo.  1 

Appurent  ouuide  fiber  ilreu  u  calculated  froia  maximum  Iwiilinf  monnil .    .  ^700  Iba.  per  aq.  b>. 
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TORSION  TEST. 
Specimen,  Swedish  Iron.      Date.  December  i,  1S95. 


Readlnf  of  level  of  cenler  of  uu  pie«  on  Kale ponr  end,  %.ia%  Kale  tod.  i.8i>" 
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LeD^  dI  ip«diden  beivccn  telcKvpu -    .     .    .  fao.ocj'' 
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Outiide  fiber  ilrea  it  etuHc  linb u.feo  Ib^  per  iq.  in. 

Aprarent  ovtHde  liber  HreH  ■>  olculited  Irani  nuKlmuni  IwUlinj  moment .    .  ja.iDO  Ibe.  pet  u  In. 

Angle  of  turiil  bctiKen  7.10a  In.  IbL  and  14,400  Id.  Ibi. i''i4'jo'' 

Slielirini  nwduliu  of  elulidlirbelireeo  7,10a  In,  Ibe,  and  14,400  In.  IbL     .    .    .  ir,»o,oaa 


TORSION   TEST. 
Specimen,  Swedish  Iron.      Date,  December  5,  1895. 
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Outiide  fiber  Ureu  it  clonic  limit      .,-.-.. 14,900  Ibi,  per  >q,  in- 
Apparent  out^de  fiber  Btreii  11  calcoliled  from  muLmum  twiitioff  moment      .    53,700  Ibe.  per  iq.  in. 

Angle  of  twiit  between  jo.floo  in.  Ibi-  and  lojoo  in.  Ibi-      .    - '^  J^  50" 
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TORSION  TEST. 


Specimen,  Swedish  Iron.      Date,  December  to,  1S95. 
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Dbtance  from  center  of  test  piece  to  scale 500.0" 

Reading  of  level  of  center  of^  test  piece  on  scale power  end,  3.90;  scale  end,  3.80" 

Height  of  center  of  telescope  above  center  of  test  piece 5.46" 

Lei^h  of  specimen  between  jaws 75.oo" 

Dimension  of  cross  section 3.00  in.  dia. 

Length  of  specimen  between  telescopes 60.00" 

Elastic  limit  in  torsion 23,400  in.  lbs. 

Maximum  twisting  moment 84,960  in.  lbs. 

Number  of  turns  of  specimen  between  jaws  at  fracture 1 8.  i 

Outside  fiber  stress  at  elastic  limit 14,900  lbs.  per  sq.  in. 

Apparent  outside  fiber  stress  as  calculated  from  maximum  twisting  moment    .    .    .  54,100  lbs.  per  sq.  in. 

Angle  of  twist  between  1,800  in.  lbs.  and  7,200  in.  lbs 1^0  40" 

Shearing  modulus  of  elasticity  between  1,800  in.  lbs.  and  7,200  in.  lbs 11,700,000 

Average  number  of  turns  of  specimen  per  foot  at  fracture 2.90 
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TORSION  TEST. 
Spedmen,  Ueuemer  Steel.      D»ie,  DecemBer  i6,  1895, 
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TORSION   TEST. 
Specimen,  Compoiition.     Date,  March,  19,  1S96. 
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TORSION   TEST. 

Specimen,  Composition.       Date,  March  13,   1 
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service  at  3.30  p.m.  and  left  burning  till  after  five  o'clock.  In  this 
room  there  were  also,  on  an  average,  three  persons  employed  during 
the  day. 

The  three  porcelain  dishes  containing  each  100  cc.  of  best  redis- 
tilled water  free  from  nitrites  were  placed  side  by  side  on  a  desk  and 
exposed  to  the  air  for  varying  lengths  of  time,  being  then  treated 
with  the  reagents  named  above  —  the  depth  of  color  produced  by  this 
means  being  compared  to  that  of  standard  potassium  nitrite  solutions 
(i  cc.  containing  .0000001  gram  nitrogen  as  nitrite)  treated  with  the 
same  reagents. 

An  analogous  experiment  was  tried  in  Room  38  of  the  same 
building.  During  the  morning  one  lamp  had  been  burning  one  hour. 
Work  was  carried  on  by  three  persons  during  various  portions  of  the 
day  —  they,  however,  not  requiring  the  use  of  any  gas  burners.  The 
three  porcelain  dishes  were  placed  in  position  on  a  desk  at  two 
o'clock  in  the  same  manner  as  in  the  preceding  case. 

The  third  trial  of  the  series  was  made  with  the  air  in  Room  39. 
Four  Bunsen  burners  had  been  in  use  all  day,  being  turned  out  at 
five  o'clock.  Three  students  had  been  at  work  the  greater  part  of 
the  time,  and  at  occasional  intervals  others  were  also  present.  The 
first  two  samples  of  water  were  placed  in  position  at  2  p.m.,  and  the 
third,  which  was  exposed  for  seventeen  hours,  was  placed  in  position 
at  4  P.M.  The  results  of  these  series  of  experiments  are  given  in  the 
following  table : 


HouKs  OF  Exposure. 

Room. 

I. 

a. 

17- 

'9- 

ec  tquivalent  nitrite  solution. 

36 

2.5 

3.5 

57.2 

38 

3.5 

8.5 

72.7 

39 

8.0 

13.5 

84.2 

On  examining  the  above  results  we  notice  the  following : 

1.  Even  in  the  air  of   the  best  ventilated  rooms  where  gas   is 
burned  nitrites  exist. 

2.  Water  exposed  undisturbed  to  the  air  absorbs  nitrites   there 
existing. 
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The  temperature  of  the  air  was  20**  (!!.  at  the  time  the  analyses 
were  made,  and  the  barometric  pressure  was  758  mm. 

The  results  obtained  are  as  follows,  the  nitrogen  equivalent  being 
calculated  as  nitrous  anhydride : 


Room. 

Time  of  taking 
sample. 

Capacity  bottle, 
cc. 

cc  of  nitrite  equiv- 
alent 

ParU  N,Oa  in 
10,000  air. 

38 

9        A.M. 

8,980 

8.5 

.0140 

38 

9        A.M.* 

8.870 

8.3 

.0138 

36 

3.30  P.M. 

8.980 

19.5 

.0319 

36 

3.30  P.M. 

8.870 

18.9 

.0315 

39 

9        A.M. 

8.870 

24.6 

.0406 

39 

9        A.M. 

8,320 

25.7 

.0456 

39 

3.30  P.M. 

8,870 

43.2 

.0690 

39 

3.30  P.M. 

8.320 

40.0 

.0707 

On  inspecting  the  above  results  we  see  that  (i)  in  the  air  of 
rooms  the  amount  of  nitrites  is,  as  a  rule,  very  small,  on  a  clear  day 
as  little  as  .014  part  in  10,000  parts  air  having  been  found;  (2)  the 
burning  of  illuminating  gas  and  the  presence  of  people  seem  to 
cause  an  increase  in  the  quantity  of  nitrites  present  in  the  air. 

Reference  has  been  made  as  to  the  possibility  of  persons  being 
a  factor  in  causing  the  increase  in  quantity  of  nitrites  in  the  air. 
That  nitrites  are  formed  through  human  metabolism  is  evidenced  by 
the  fact  that  the  water  in  which  the  hands  are  washed  give,  on  the 
addition  of  Gricss'  reagent,  a  very  strong  test  for  nitrites. 

Trial  was  made  to  ascertain  whether  during  the  breathing  process 
of  man  nitrites  are  exhaled.  To  this  end  100  cc.  of  redistilled  water 
were  placed  in  a  large  test  tube  and  exhaled  air  blown  through  this 
water  from  the  lungs  for  five  minutes.  The  water  was  then  treated 
for  nitrites  in  the  usual  manner.  No  pink-colored  solution  was  formed, 
thus  showing  that  expired  air  on  passing  through  pure  water  does  not 
g^ve  an  indication  of  nitrites.  This  circumstance  does  not,  however, 
prove  conclusively  that  nitrites  are  absent  in  air  which  has  passed 
through  the  lungs.  There  is  a  great  probability  that  air  containing 
a  small  amount  of  nitrite  in  the  presence  of  a  comparatively  great 
quantity  of  oxygen  on  passing  through  water  oxidizes  these  nitrites 
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to  nitrates,  or  even  decomposes  them  to  nitrogen.  That  this  is  evi- 
dently so  is  seen  from  the  fact  that  a  stream  of  air  drawn  through 
pure  water  by  means  of  suction  also  failed  to  give  any  indication  of 
nitrites,  though  water  left  exposed,  undisturbed  in  this  same  air,  gave 
a  very  decided  test. 

It  has  also  been  mentioned  that  rain  water  obtained  during  a  thun- 
der shower  contained  more  nitrogen  as  nitrite  and  nitrate  ^  than  rain 
tested  when  there  were  no  electrical  discharges  in  the  atmosphere.  It 
seemed,  therefore,  probable  that  the  larger  part  of  the  nitrites  and 
nitrates  were  washed  from  the  air  during  a  rain  storm.  This  was 
proved  to  be  the  case,  for  two  porcelain  dishes,  containing  each 
100  cc.  of  water,  absorbed  nitrites  equivalent  to  10  and  11  "stand- 
ards," respectively,  just  before  a  rain  storm.  Immediately  after  the 
rain  ceased  one  dish,  exposed  for  one  hour,  gave  an  indication  of  0.2 
"standard,"  while  another  gave  0.4  "standard,"  showing  that  the  air 
is  very  thoroughly  washed  during  a  heavy  fall  of  rain. 

It  will  be  seen  from  the  above  that  the  results  which  I  have 
obtained,  though  not  numerous,  deal  yet  with  a  subject  hitherto  little 
considered.  Some  of  the  determinations  do  not  directly  confirm  what 
I  had  expected.  Further  experiment  may  lead  to  definite  results,  and 
although  it  is  my  intention  to  continue  the  investigation,  I  also  hope 
that  this  fragmentary  presentation  may  stimulate  others  to  further 
work  on  the  subject. 


*  Loc.  cit.    (See  above.) 
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affection  for  and  devotion  to  the  school,  which  he  had  helped  to  guide 
through  so  many  difficulties  and  helped  to  guard  against  so  many  dan- 
gers, grew  stronger.  He  frequently  spoke  of  the  Institute  of  Tech- 
nology as  among  his  dearest  interests  in  life ;  and  it  was  with  the 
deepest  reluctance  that  in  June,  1894,  the  progress  of  disease  com- 
pelled him  to  relinquish  his  membership  in  the  Executive  Committee, 
though  still  remaining  in  the  Corporation.  On  the  third  of  December, 
in  the  same  year,  Mr.  Saltonstall  died  at  his  Boston  home,  having  for 
months  borne  great  suffering  with  undaunted  courage  and  fortitude. 
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ON  THE  HYDROLYSIS   OF  FERRIC  CHLORIDE. 
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Received  August  8,  1896. 
Read  at  the  Buffalo  Meeting  of  the  American  Association,  September,  1896. 

Introduction. 

The  following  article  contains  the  results  of  some  experiments 
made  during  the  summer  of  1895  on  the  changes  which  take  place 
in  a  neutral  ferric  chloride  solution  when  suddenly  diluted.  I  was  led 
to  this  investigation  during  the  course  of  some  experiments  on  its 
electrical  conductivity.  It  was  observed  that,  when  a  series  of  meas- 
urements of  the  conductivity  were  made  in  the  usual  way  in  an  Ar- 
rhenius  cell,  at  a  dilution  of  about  a  thousand  liters  (v  =  1,000)  a 
constant  setting  on  the  bridge  could  no  longer  be  obtained.  The 
conductivity  slowly,  but  unmistakably,  increased  with  the  time,  while 
at  the  next  dilution  (v  =  2,000)  this  increase  became  very  rapid.  I 
find  this  phenomenon  has  also  been  observed  and  described  in  a  note 
by  Foussereau.^  I  also  observed  that  the  solution,  which  when  first 
diluted  was  practically  colorless,  rapidly  turned  reddish  yellow,  deep- 
ening to  a  reddish  brown. ^  This  color  reaction  was  no  less  marked 
than  that  accompanying  the  change  in  conductivity.  Indeed,  when 
I  cc.  of  a  0.1 -normal  solution  is  diluted  to  a  liter,  one  might  hope, 
with  a  good  colorimeter,  to  follow  it  colorimctrically.  A  0.000 1 -nor- 
mal solution,  which  was  practically  colorless  on  first  dilution,  became 
within  half  an  hour  much  deeper  in  color  than  a  0.0 1 -normal  solu- 
tion which  had  stood  for  days.  That  the  changes  in  color  and  con- 
ductivity are  allied  phenomena  was  evident,  and  the  reaction  seemed 
so  interesting  that  I  determined  to  study  it  further.  In  the  follow- 
ing experiments  the  velocity  of  the  reaction  taking  place  on  diluting 


» Foussereau,  C.  R.,  103,  42  (1886). 

*  Since  the  greater  portion  of  this  paper  was  written  an  article  has  come  to  my  notice 
in  the  Gazetta  Chimica  Italiana,  23,  i  (1895),  by  Antony  and  Giglio,  in  which  the  color 
phenomena  of  dilute  neutral  ferric  chloride  solutions  are  studied. 
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tivity  method,  when  applicable,  is  unsurpassed  for  following  the  course 
of  a  reaction,  as  no  further  manipulation  is  necessary  than  reading 
the  position  of  the  minimum  from  time  to  time. 

For  the  neutral  ferric  chloride  solution  with  which  the  following 
experiments  were  made  I  am  indebted  to  Dr.  A.  A.  Noyes,  the  solu- 
tion being  a  part  of  that  used  by  him  in  his  investigation  on  the 
"Velocity  of  the  Reaction  Between  Ferric  Chloride  and  Stannous 
Chloride.*'^  Analysis  showed  the  solution  to  be  neutral  and  0.303 
molecular  normal.  It  had  stood  over  six  months  when  analyzed,  and 
was  of  a  deep  yellowish-red  color.  In  what  follows,  the  concentratioiji 
of  all  solutions  is  expressed  in  gram  molecules  per  liter  unless  other- 
wise stated,  and  the  word  normal  is  to  be  understood  in  that  sense. 

I  give,  in  the  first  place  (Table  I),  the  results  of  a  duplicate  series 
of  measurements  of  ferric  chloride  for  concentrations  from  o.  loi-to 
0.00158-normal,  the  dilutions  being  made  in  the  usual  manner  in  an 
Arrhenius  cell.  The  conductivity  is  expressed  in  mercury  units. 
Nothing  abnormal  was  noticed  in  these  measurements,  the  conduc- 
tivity reaching  a  constant  value  when  the  temperature  became  con- 
stant within  a  few  minutes  after  each  dilution.  The  color  of  the  so- 
lution became  fainter  and  fainter  with  each  successive  dilution.  On 
attempting  to  make  the  next  and  all  following  dilutions  the  phenom- 
enon already  described  first  made  itself  evident. 

TABLE  I. 


Conductivity  of  FeClj  at  25®  C. 


Dilution. 

V. 

Concentration. 

V 

Molecular  conductiTity. 

Mean. 

Equivalent  conductivity. 

9.90 

0.1010 

244.3 

244  5 

244.4 

81.5 

19.80 

0.0505 

290.0 

290.3 

290.2 

96.7 

39.^ 

0.02525 

339.0 

\ 

338.8 

338.9 

U3.0 

79.2 

0.01263 

39a  5 

391.1 

390.8 

'  130.3 

158.4 

0.006315 

445.2 

444.6 

444.9 

1483 

316.8 

0.003158 

498.5 

499.3 

4989 

166.3 

634.0 

0.001579 

545.0 

545.6 

545.3 

..     191.8     . 

^  Noyes,  Zeitschrift  fiir  physikalische-Chemie,  ^6,  546  (1895). 
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Tables  II  to  VII,  inclusive,  contain  the  results  of  measurements  of 
the  increase  of  the  electrical  conductivity  with  the  time,  for  solutions 
varying  in  concentration  from  0.002422-  to  0.000 loi -normal.  For  so- 
lutions stronger  than  0.0012-normal  it  was  found  advantageous  to 
make  the  dilutions  in  bottles  and  to  transfer  a  portion  to  the  con- 
ductivity cell  when  a  measurement  was  desired.  As  will  be  seen 
from  the  figures,  the  reaction  did  not  begin  with  these  solutions 
until  after  the  elapse  of  a  considerable  time,  so  that  the  reaction 
could  be  followed  at  leisure.  For  very  dilute  solutions  the  dilution 
and  measurements  were  made  in  the  large  bottles  already  described. 
It  was  found  impossible  to  get  reliable  initial  values  for  dilutions 
greater  than  about  0.000 1 -normal,  as  in  such  solutions  the  initial 
velocity  of  the  reaction  became  enormous. 

TABLE  II. 


Conductivity  of  FeClg,  0.002422 -normal  at  25^.      (2  cc  of  o.303-normal  diluted  to  250  cc) 


Time. 


Molecular  conductivity. 


Equivalent  conductivity. 


Remarks. 


h.  m. 

May 

24 

11  45 

«« 

« 

11  46 

t< 

(1 

12  0 

K 

t< 

12  15 

« 

(( 

12  30 

l< 

(t 

1  15 

(4 

t< 

1  45 

« 

<« 

2  15 

U 

<i 

2  45 

M 

<i 

3  15 

t( 

(i 

3  45 

« 

i( 

4  15 

(1 

« 

4  45 

« 

25 

12  0 

<l 

29 

4  0 

519.0 
519.0 
519.6 
521.4 
529.8 
544.2 
561.9 
582.9 
603.0 
621.3 
639.9 
652.5 
787.2 
894.3 


173.0 
173.0 
173.2 
173.8 
176.6 
181.4 
187.3 
194.3 
201.0 
207.1 
213.3 
217.5 
262.4 
298.1 


Diluted. 

Solution  slightly  yellow. 


Color  began  to  deepen. 


(  Temperature  fell  to   room 
\    temperature. 
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TABLE  III. 
Conductivity  of  FeCls,  o.ooi2ii-normal  at  25^.     (i  cc.  of  cjoj-normal  dilated  to  250  cc.) 


Time. 

Molecular  conductivity. 

Equivalent  conductivity. 

Renuurks. 

May  23 

h. 

4 

m. 
0 

•  •   •   •  • 

.  •  •  • . 

Diluted. 

M          U 

4 

1 

556.5 

185.5 

Solution  nearly  colorless. 

«          (1 

4 

5 

556.5 

185.5 

M          M 

4 

10 

555.9 

185.3 

«          t( 

4 

15 

557.4 

185.8 

«          t< 

4 

20 

558.0 

186.0 

<l          (1 

4 

30 

563.7 

187.9 

M           M 

4 

45 

577.5 

192.5 

Color  begins  to  increase. 

t<           <( 

5 

0 

5%.l 

198.7 

«           « 

5 

30 

6495 

216.5 

«           II 

6 

0 

690.0 

230.0 

II           II 

6 

30 

722.1 

240.7 

il           li 

7 

0 

747.9 

249  3 

II            14 

7 

30 

768.0 

256.0 

II            II 

8 

0 

784.8 

261.6 

II            II 

9 

0 

811.5 

270  5 

II            l( 

^? 

0 

835.8 

278.6 

"     24 

0 

901.8 

300.6 

Very  deeply  colored. 

"    25 

5 

0 

928.2 

309.4 

Temperature  was  kept  at  25° 

•^ 

^^ 

^  m^\t^»  m^ 

^^  V  ^  *    m 

only  during  measurements 

"     29 

4 

0 

1,011.0 

337.0 

from  here  on. 

June    3 

5 

0 

1.053.0 

351.1 

"     12 

3 

0 

1,070.0 

356.6 

"     20 

3 

0 

1,080.0 

360.0 

TABLE  IV. 
Conductivity  of  FeClf,  0.000802-normal  at  25°.     (i  cc.  of  0.303-normal  diluted  to  375  cc.) 


Time. 

Molecular  conductivity. 

EU}uivalent  conductivity. 

Remarks. 

May  30 

h. 
12 

m.    •. 

0 

Diluted. 

II      <i 

12 

1  30 

579.6 

i93.2 

Solution  practically  colorless. 

(1      It 

12 

3 

579.6 

193.2 

II      ti 

12 

4 

579.3 

193.1 

i<      II 

12 

5 

580.5 

193.5 

<i      II 

12 

6 

581.7 

193.9 

41           II 

12 

15 

589.8 

196.6 

II           II 

12 

30 

633.0 

211.0 

Color  begins  to  deepen. 

II          II 

12 

45 

6S1.9 

227.3 

II           II 

1 

5 

732.0 

244.0 

II           II 

1 

30 

780.0 

260.0 

II           II 

2 

0 

821.4 

273.8 

II           tl 

3 

0 

874.5 

291.5 

«<           II 

4 

0 

905.0 

301.8 

II           11 

5 

0 

919.0 

306.3 

Tune    1 

5 

30 

1,009.0 

336.2 

Deep  reddish  yellow. 

"      3 

4 

0 

1,051.0 

350.3 

"     12 

2 

15 

1,103.0 

367.7 

"    20 

1 

15 

1,108.0 

369.2 
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TABLE  V. 


Conductivity  of  FeClj,  0.000606- normal  at  25°.    (i  cc  of  0.303- normal  diluted  to  500  cc.) 


Time. 


MolecuUr  conductivity. 


Equiralent  conductivity. 


Remarks. 


May  30 


M 

<l 

l< 

« 

« 

t< 

«< 

II 

« 

II 

<( 

II 

«< 

II 

i( 

II 

4« 

11 

M 

II 

« 

II 

M 

Ii 

M 

II 

M 

II 

II 


II 


June    1 
3 
12 
"    20 


It 


II 


h.  in. 

11  30 

11  31 

11  32 

11  33 

11  34 

11  3.') 

11  39 

11  45 

11  50 
U  55 

12  12 
12  40 


1 
1 
2 
3 
4 
5 
4 
2 
1 


0 
40 
35 
40 
37 

0 
15 

0 
30 


591.6 
591.6 
592.2 
592.8 
594.0 
599.2 
619.5 
639.0 
666.9 
738.0 
780.0 
854.0 
905.0 
942.0 
979.0 
998.0 
1.061.0 
1,090.0 
1,132.0 
1,137.0 


197.2 

197.2 

197.4 

197.6 

198.0 

199.8 

206.5 

2130 

222.3 

246.0 

260.0 

284.7 

301.6 

313.9 

326.3 

332.5 

353.6 

363.4 

377.3 

379.0 


Diluted. 

Solution  colorless. 


Begins  to  turn  yellow. 


Deeply  colored. 


TABLE  VI. 


Conductivity  of  FeCls,  0.000303- normal  at  25°.     (5  cc.  of  0.03-normal  diluted  to  500  cc) 


Time. 

Molecular  conductivity. 

Equivalent  conductivity. 

Remarks. 

July  4 

h.    m. 

12   35 

Diluted. 

II      II 

12   36 

601.5 

200.5 

(  Solution  colorless.     Begins 
/    to  turn  yellow  immediately. 

11      II 

12   37 

635.7 

211.9 

II      II 

12   39 

712.8 

237.6 

II      II 

12   40 

735.6 

245.2 

II      II 

12   45 

813.0 

271.0 

<<      i< 

12    50 

860.0 

2866 

II          M 

12    55 

893.0 

297.7 

II          II 

1      0 

915.0 

305.0 

II          II 

1    10 

951.0 

317.0 

II          II 

1    20 

977.0 

325.7 

41          II 

1    50 

1.019.0 

339.7 

II          II 

2   50 

1.054.0 

351.3 

•1          II 

3   36 

1.070.0 

356.7 

II          II 

4   36 

1,081.0 

360.3 

II          II 

5     5 

1,085.0 

361.7 

"     5 

2     0 

1,107.0 

369.0 

«•    6 

1     0 

1,118.0 

372.7 
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TABLE  VII. 
Conductivity  of  FeClsf  coooioi-normal  at  25^.    (i  cc.  of  0.0303-nonnal  diluted  to  500  cc.) 


Time. 


Molecular  conductivity. 


Equivalent  conductivity. 


Remarks. 


h. 

ra. 

B. 

July 

4 

30 

t( 

31 

10 

ft 

31 

45 

« 

32 

tl 

33 

t( 

34 

(i 

35 

<« 

37 

« 

40 

« 

45 

t< 

2 

0 

« 

2 

30 

t< 

4 

0 

« 

4 

30 

« 

5 

15 

(1 

5 

2 

15 

t« 

6 

1 

10 

759 
819 
a37 

885 

924 
948 
981 
1,008 
1.038 
1.074 
1,095 
1,101 
1,107 
1.107 
1,110 
1,107 


Diluted. 
Solution  colorless. 


Solution  became  perceptibly 
yellow. 


Solution  reddish  yellow^ 


The  course  of  the  reaction  which  here  takes  place  and  its  de- 
pendence on  the  dilution  is  best  seen  from  the  curves  (Figure  i) 
representing  the  results  given  in  Tables  II  to  VI. 

Here  the  molecular  conductivity  is  plotted  as  ordinates  and  the 
corresponding  times  as  abscissae.  A  consideration  of  the  curves 
shows  that : 

First,  The  molecular  conductivity  of  dilute  solutions  increases 
with  the  time. 

Second.  The  rate  of  increase  increases  very  rapidly  with  the  dilu- 
tion. These  conclusions  agree  with  Fousscreau's  statement,  but  as 
he  gives  no  data  a  numerical  comparison  cannot  be  made. 

Third.  The  increase  in  the  conductivity  does  not  begin  at  once 
on  dilution,  but  only  after  the  lapse  of  a  certain  time.  « 

Fourth.  The  time  required  to  start  the  reaction  increases  very 
rapidly  with  the  concentration.  Thus  the  reaction,  as  indicated  both 
by  increase  in  conductivity  and  change  of  color,  begins  only  after  the 
lapse  of  I  minute  for  a  o.CM3o6-normal  solution,  15  minutes  for  a  0,0612- 
normal  solution,  45  minutes  for  a  0.0024-normal  solution. 

Fifth.  The  time  required  for  the  solution  to  reach  a  state  of 
equilibrium"  increases  enormously  with  the  concentration.  Thus'  a 
o.oooi-normal  solution  (Table  VII)  requires  but  three  hours,  while  a 
0.0006-normal  solution  (Table  V)  requires  over  a  week. 
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Subsequent  analysis  showed  the  solution  was  0.03101-nonnal  with 
respect  to  iron,  and  0.03084-normal  with  respect  to  chlorine.  It  was 
assumed  neutral  and  equal  to  0.0309-normal. 

The  conductivity  of  this  solution  and  of  a  portion  diluted  ten  times 
was  measured  within  ten  minutes  after  making  up.  The  values  ob- 
tained were  ^  =  324.0  and  fi  =  499- Si  respectively,  whereas  the 
values  interpolated  from  Figure  2  for  the  same  concentrations  were 
fjL  =  323  and  fi  ■=■  498.  The  agreement  is  complete.  It  is  proved, 
therefore,  that  there  was  no  appreciable  amount  of  colloidal  hydrate 
in  the  original  0.3-normal  solution  with  which  the  preceding  experi- 
ments were  made,  although  it  had  stood  over  a  year,  and  that  the 
values  given  in  Table  I  truly  represent  the  initial  conductivity  at 
the  given  dilutions. 

Let  us  now  suppose  that  at  a  given  dilution  one  molecule  of  ferric 

chloride  is  a  per  cent,   electrolytically  dissociated  according  to  the 

reaction 

FeClg  ^ZZ^  Fe  +  3CI, 

and  /3  per  cent,  hydrolytically  dissociated  according  to  the  reaction 

FeClg  +  H2O  =  FeOH  +  H  +  3Ci. 

The  solution  will  therefore  contain  i  —  a  —  y8  molecules  of  undis- 
sociated  ferric  chloride,  a  ferric  ions,  and  yS  FeOH-ions.  A  knowledge 
of  a  and  /8  will,  therefore,  completely  determine  the  nature  of  the 
solution.  Of  the  molecular  complexes  present,  only  the  ions  contrib- 
ute to  the  conductivity  of  the  solution.     If  Uy  u\  //",  and  v  are  the 

velocities  of  migration  of  the  ferric,  hydrogen,  FeOH,  and  chlorine 
ions,  respectively,  then  the  equivalent  conductivity  of  the  solution  is 
given  by 

fi  =  a(u  +  v)  +  pi ' -^-y  0 

On  the  other  hand,  the  total  number  of  molecular  complexes  /  will 
determine  the  lowering  of  the  freezing  point  of  the  solution ;  i.e., 

i  =  I  —  a  —  fi  +  4a  +  S0. 
=  I  +  3«  +  4^.  ^  ^ 

We  have  here  two  independent  equations  for  determining  a  and  /8, 
provided  fi  and  /  are  measured  and  the  remaining  quantities  in  (i) 
are  known.     Of  these,  the  velocities  of  migration  of  the  ferric  and  of 
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TABLE  IX. 
Lowering  of  Freezing  Point  of  FeCls* 

Gzamt  in  liter. 

Concentration. 
(Molecular  normal) 

Observed  loweringt. 

Gram  molecular 
lowering. 

1.7858 

0.0110 

0.0808° 

7.35 

3.9369 

0.0242 

0.1670° 

6.90 

5.990 

0.0369 

0.2455° 

6.65 

8.9291 

0.0550 

0.3434° 

6.24 

10.7555 

0.0663 

0.4101° 

6.18 

13.3936 

0.0825 

0.4928° 

5.97 

From  these  values  I  obtained,  by  graphic  interpolation,  the  values 

M 
of  the  molecular  lowering  M^  and  hence  the  values  of  /  =  ^  for 

I.oo 

the  dilutions  indicated  in  Table  X.  Column  i  contains  the  con- 
centration in  gram-equivalents,  Column  2  the  value  of  f,  Column  3 

the  equivalent  initial  conductivity  /i^ ,  Column  4  the  value  of   .^  for 

barium  chloride,  Columns  5,  6,  and  7  the  values  of  a,  /8,  and  7  =  a  + 
/8,  computed  as  explained  above.  In  Column  8  is  given  the  value  of 
)8',  computed  on  the  assumption  that  the  hydrolysis  takes  place  ac- 
cording to  the  reaction  FeClg  +  SHjO  =  Fe(0H)8  +  3 H  +  3CI, 
in  which  case  equations  (3),  (4),  and  (5)  become,  respectively, 


t  —  I 


a 


—  2/3, 


/8  =  —{—  -  ^^=^\ 

^  I.29\I20  3        / 


)8'  = 
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The  figures  can  be  regarded  as  approximate  only,  being  undoubtedly 
subject  to  an  error  of  several  per  cent.  They  indicate,  however,  the 
probable  way  the  true  hydrolysis  takes  place,  and  give  an  approx- 
imate measure  of  its  amount. 
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final  condition  of  dilute  ferric  chloride  solutions  by  comparing  col- 
orimetrically  the  intensity  of  blue  color  produced  when  potassium 
ferrocyanide  was  added  to  the  solutions  before  and  after  the  col- 
loidal reaction  had  taken  place.  As  their  solutions  were  allowed  to 
assume  their  final  condition  at  about  12°  C,  and  as  the  colloidal 
formation  increases  very  rapidly  with  the  temperature,  a  comparison 
of  their  values  with  the  above  results  is  impossible.  Thus  they 
found  a  solution  0.00005-normal  to  be  completely  changed  to  col- 
loidal hydrate  after  forty-eight  hours.  Table  VII  shows  this  to  be 
practically  the  case  with  a  o.cx)Oi -normal  solution  at  25°  after  three 
hours. 

Rogers  Laboratory  of  Physics, 
Massachusetts  Institute  of  Technology, 
Juntt  i8g6. 
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siderably  higher  results  are  often  obtained.  This  is  especially  noticea- 
ble in  waters  containing  a  large  amount  of  adhesive  material,  as  is 
illustrated  by  the  accompanying  table. 

The  new  filter  funnels  have  the  advantage  over  the  old  funnels  in 
neatness,  compactness,  and  portability.  The  rate  of  filtration  is  more 
uniform,  and  the  results  obtained  more  accurate.  The  new  funnels 
were  put  into  active  service  in  the  regular  microscopical  examinations 
for  the  Massachusetts  State  Board  of  Health  on  December  i,  1895, 
and  since  that  time  they  have  been  used  successfully  for  the  quan- 
titative microscopical  examination  of  more  than  seventeen  hundred 
samples  of  water. 

NarE.  —  At  the  request  of  Professor  Sedgwick,  thje  writer  has  recently  made  numerous 
experiments  upon  the  use  of  the  centrifuge  in  the  microscopical  analysis  of  drinking  water. 
Its  employment  for  this  purpose  wa^  suggested  by  Dr.  C.  S.  Dolley's  valuable  paper  on 
**The  Planktonokrit,  a  Centrifugal  Apparatus  for  the  Volumetric  Estimation  of  the  Food- 
Supply  of  Oysters  and  Other  Aquatic  Animals." '  The  results  thus  far  obtained  have  been 
more  satisfactory  than  those  obtained  by  the  sand  filter  above  described  when  delicate  infu- 
soria and  rotatoria  are  present,  but  with  revolutions  up  to  2,000  per  minute,  poor  results- 
were  obtained  if  Cyanophyceae  chiefly  were  present.  This  was  especially  the  case  with  Ana^ 
bxna,  Clathrocystis,  and  Ccelosphxrium.    The  experiments  will  be  continued. 


^Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  May,  1896. 
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RESULTS   OF  TESTS  MADE   IN    THE   ENGINEERING 

LABOR  A  TORIES. 

VI. 
Receired  June  za,  1896. 


Steam  and  Hydraulics. 


Description  and  Results  of  a  so-hour  Test  made  on  Thursday, 
Friday,  and  Saturday,  May  7,  8,  9,  1896,  at  the  West  End 
Street  Railway's  Power  Station,  near  Sullivan  Square, 
Charlestown,  Mass. 

This  test  was  made  by  ninety  students  of  the  senior  class  of  the 
Massachusetts  Institute  of  Technology  as  a  part  of  the  regular  work 
of  the  Engineering  Laboratories,  and  was  under  the  direction  of  the 
instructing  staff  of  the  laboratories. 

Through  the  courtesy  of  Mr.  C.  F.  Baker,  master  mechanic  of  the 
road,  excellent  opportunities  to  collect  instructive  data  were  given  us. 

The  50-hour  run  was  divided  into  five  watches  of  ten  hours  each, 
eighteen  students  working  on  each  watch. 

The  object  of  the  test  was  to  determine  the  evaporation  of  the 
boilers  per  pound  of  coal,  the  coal  for  the  plant  per  indicated  horse 
power  of  the  main  engines,  and  also  the  coal  per  kilowatt  and  per 
electrical  horse  power. 

Besides  the  observations  needed  to  calculate  the  above  much  other 
data  of  great  value  was  obtained.  As  there  were  something  like  20,- 
000  observations,  or  about  80,000  figures,  taken  during  the  test,  it 
was  thought  advisable  to  print  only  the  totals  and  averages  of  the 
different  readings. 

DESCRIPTION    OF    PLANT. 

Steam  is  supplied  by  three  Babcock  &  Wilcox  boilers,  each  of 
500  nominal  horse  power  (A.  S.  M.  E.  rating). 
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Temperature  after  paMing  throagh  410  tubes  of  economizer 87.1^  C. 

Temperature  leaving  economizer  (560  tubes) 91.6°  C 

.«  .  _i      1.  •!  S  No.  a,  94.0**  C. 

Temperature  entering  boilers Wr  ■  00  r^ 

•^  «  No.  3,  97.8°  C. 

Temperature  exhaust  steam  from  engines  dose  to  condensers Na  z,  137.6^  F. 

WW*                   t  '  ^i          ^             .            J  (No.  I,  ij.5°C 

Temperature  injection  water  entering  condenser INOc 

»,                    ...                 1      .             .  ( No.  1, 15.4°  C. 

Temperatture  injection  water  leaving  condenser *'*IN  oc 

_                     A't                   *  J  No.  I,  i7i.i<>C. 

Temperature  dnp  from  separator {  Naa,  .4Z.4OC. 

Temperature  hot  flue  gases  at  back  of  boiler ai3-7°  C 

Temperature  flue  gases  leaving  economizer isa.a''  C. 

Pkbssurss  and  Timb. 

Barometer 30.30s 

...  J  f  Na  I,  ia.04  lbs. 

Vacuum  in  condensers { _  ^^  ii„ 

I  No.  2,  >s.a6  lbs. 

«  .  ,  I  No.  1, 8.3  Iba. 

Pressure  in  receivers \^  ,. 

(  Na  a,  7.9  lbs. 

Draught  at  back  of  boilers  Cinches  of  water) {  ihSIS^in  *6« 

Draught  at  base  of  stack  (Inches  of  water) (  Average,  .3727. 

(  Maximum,  ^56 

Time  starting  test Thursday,  3.30  r  m. 

Time  stopping  No.  i  Engine Friday,  9.53  r.M. 

Time  surting  No.  I  Engine  (loaded) .        . Saturday,  5.10  a.m. 

Time  cutting  No.  a  Boiler  out Friday,  9.51  p.m. 

Time  putting  No.  2  Boiler  in  again Saturday,  4  20  a.m. 

Time  ending  test Saturday,  5.30  r.M. 

ToU>l  time  Engine  No.  i  was  working 4a  hrs  43  mins. 

Total  time  Engine  No.  2  was  working 50  hrs. 

Total  time  Boiler  No.  a  was  working 43  hrs.  31  mins. 

Total  time  Boiler  No.  3  was  working 50  hrs. 

Total  time  feed-pump  heater  was  cut  out i  hr.  ao  mins. 

Rbvolutions. 

Total  revolutions  No.  i  Air  Pump,  42.67  hours 156,598 

Total  revolutions  No.  2  Air  Pump,  49.33  hours 178,451 

Average  M.  E.  P.  Pump  No.  i H.  E.,        17.46         C.  E.         30.25 

Average  M.  E.  P.  Pump  No.  2 H.  E  ,        18.94         C.  E.         24.56 

H.  P.  Pump  No.  I H.  E.,         4.66         C.  E.  8.17  ToUl,  12.83 

H.  P.  Pump  No.  2,  H.  E 5.22         C.  E.  6.54  Total,  ij.76 

Total  revolutions  Engine  No.  i,  First,       9.67  hours 50,533 

Second,  12.00  hours 63,358 

Third,      8.67  hours 44,903 

Fourth,    7.00  hours Not  running. 

Last,      12.33  hours 64,128 

Total  time     .       .       .       •       4>'67  222,922  total  reTolutlont. 

Total  rerolutions  Engine  No.  2,  Fu^t,  9.67  hours 50f5oi 

Second  12.00  hours 62,882 

Third,  8.67  hours 44i586 

Fourth,  7.00  hours  .....••  35*831 

Last,  12.33  hours 64,302 

Total  time      ....       49.67  358,102  total  revoladoai. 
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M.  E.  P.  AND   PER  CENT.  OF  CUT-OFF. 
H.  E.  I>.  Engine  No.  i. 


M.  E 

P.  Engine  No. 

HWH. 

Low. 

'     H.  E. 

CE. 

H.  B. 

c..;. 

9.67 

n 

n 

'i? 

.D.8] 

Av.  U.E.P.f(ir<PtinuM. 

,.M 

,^». 

»■> 

9.S4 

Per  Cent,  of  Cut-off  Engine  No. 


High. 

Low. 

H.  E. 

C.  E. 

H.  E. 

C.  E. 

li.'si 

S3 

11-41 

»5 

A„™.....„».   .    . 

.«> 

».,. 

.i.«i 
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M.  E.  P.  AND   PER  CENT.  OF  CUT-OFF.  —  Continued. 
Per  Cent,  of  Cut-off  Engine  No.  2. 


Time. 

High. 

Low. 

H.  E. 

C.  E. 

H.  E. 

CE. 

9.67 

12.00 

8.67 

7.00 

12.33 

18.82 
15.84 

23.17 
24.85 
17.62 

9.38 
7.07 

»3.59 

«5-75 
8.82 

29.51 
26.36 
36.33 
37.64 
30.01 

»7.3S 
25.21 

31.82 
37.80 
28.62 

Av.  entire  teat  .    .    . 

19.39 

10.35 

31.30 

29.36 

ELECTRICAL  DATA. 


Dynamo  No. 

1. 

Dynamo  No. 

2. 

«i 

*i 

«j 

c 

a 

c 

a 

a 

Time. 

Main 
curre 

1^ 

Time. 

Main 
curre 

Field 
curre 

Time. 

Total 
curre 

9.67 

768.4 

7.7«5 

9.67 

864.8 

6.756 

9-67 

I1633.2 

566.01a 

12.00 

559-4 

7-559 

12.00 

696.5 

6.949 

12.00 

'.255.9 

561.05 

8.67 

870.8 

8.168 

8.67 

934.6 

7.306 

8.67 

1,805.4 

565.33 
566.98 

7.00 

•  ■  ■  • 

•  •  •  • 

7.00 

949-0 

6.782 

7.00 

949.0 

12.33 

745.9 

8.056 

«2.33 

790-3 

7.267 

12.33 

1,536.2 

570.11 

At.  entire 

Av.  entire 

Av.  entire 

test .     . 

724-4 

7.861 

test.     . 

732.2 

7.060 

test  .     . 

1,456.6 

565.80 

Wattmeter  Readings. 


Time. 

Dynamo  No.  i. 

Dynamo  No.  2. 

Reading. 

DifiFerence. 

Reading. 

Difference. 

Thursday,  3.30  p.m.  .    .    . 
Friday,  12.30  A.M.      .    .    . 
Friday,  12.30  p.m.      ... 
Friday,  9.30  p.  M 

Saturday,  5.30  a.m.    .    .    . 
Saturday,  5.30  p.m.    .    .    . 

2,845.500 
2,983,320 
3,114,180 
3,257,120 

Shut  down 

3,271,950 
3,446,080 

137,820 
130,860 
142,940 

tm  5.10. 

14,830 
174.X30 

3.580,290 
3,729,120 
3,890,720 
4,058,800 

4,201,700 
4.389.830 

148,830 
161,600 
168,080 

142,900 
188,130 

600,580 

809,540 

Test  on   West  End  Power  Station  at  CharUstown, 
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SIZES  OF  ENGINES. 


Sizes  of  Engines  Nos.  i  and  2. 


Diameter  higli. 

Diameter  rod. 

Diameter  low. 

Diameter  rod. 

Stroke. 

a6" 

5" 

so" 

6" 

4«" 

Air  Pump  Engines  Nos.  i  and  2. 

• 

Diameter  Cylinder. 

Diameter  rod. 

Stroke. 

la" 

aA" 

16" 

BOILER  SIZES. 

Tliere  are  ai  sections  in  each  boiler,  each  section  containing 

la  tubes,  4"  outside  diameter,  18'    6"  long. 
I  tube,    4I"  outside  diameter,    5'    8"  long, 
a  tubes,  4I''  outside  diameter,    o'  xo"  long.* 
I  tube,  4I"  outside  diameter,    o'  10"  long. 

I  face  of  front  and  rear  headers;  estimated  total  for  the  ai  sections,  a  1.99  square  feet 
Deduct  for  smoke  consuming  tile  a  i  tubes,  \  circumference  covered  with  3  tiles,  each  18"  long,  and  ai 

tubes  with  a  tiles,  each  18"  long. 
3  drums  bricked  at  center  of  diameter,  4a"  inside  diameter,  A"  pUite. 
ai  feet  of  length  of  drum  exposed  to  fire. 
Smoke  connection,  7a"  x  4a". 
Grate,  7'  x  12'  7". 
Air  space,  40%  of  grate  surface. 
Smoke  connection,  a  i  square  feet 
Grate  surface,  88.08  square  feet. 
Heating  surface,  5,344  square  feet 
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RESULTS. 


Water  apparently  eraporated  per  pound  of  coal 

Equivalent  from  and  at  212"  F.  per  pound  of  coal,  not  including  economiMr    . 
Equivalent  from  and  at  2 12^  F.  per  pound  of  coal,  including  economixer  . 
Equivalent  from  and  at  212^  F.  per  pound  of  combustible,  including  economiser 

Coal  per  square  foot  of  grate  per  hour,  No.  2 

Coal  per  square  foot  of  grate  per  hour,  No.  3 

H.  P.  No.  1  Air  Pump 

H.  P.  No.  2  Air  Pump 


9.498  Iba. 

9.91  lbs- 

10.27  Ihs. 

11.25  Iba. 

12.57  lbs. 

12.97  lbs. 
12.83 
11.76 


H.  P.  No.  I  Engine. 


ist. 
9.67  houra. 

2d. 
12  hours. 

3d. 
8.67  hours. 

4th. 
7  hours. 

5th, 
12.33  hoars. 

H.  H.  .    ^ 

H.C 

180.43 
149.84 

9978 
79.85 

194.11 
142.09 

172.78 
128.47 

Total 

330.27 

179.63 

336.20 

301.25 

XJo     XXa       ••••••• 

L.  C 

205.70 
«57.77 

154.56 
119.52 

204.28 
170.96 

189.95 
146. 16 

Total 

ToUl  H.  and  L. 

363.47 
693.74 

274.08 
453.7« 

375.24 
7".44 

336.11 
637.36 

Average  H.  P.  No.  i  Engine 618.34 


H.  P.  No.  2  Engine. 


ISt. 

9.67  hours. 

2d. 

12  hours. 

3d. 
8.67  houn. 

4th. 
7  hours. 

5th. 
12.33  hoors. 

H.  H 

H.C 

164.91 
86.55 

133.26 
53.26 

208.30 
127.48 

196.55 
121.03 

17263 
87.03 

Total 

251.46 

186.52 

33578 

317-58 

259.66 

L.  H 

L.  C 

193-76 
200.97 

172.32 
179.87 

209.98 
213.40 

214.82 
216.73 

181.37 
184.26 

Total 

Total  H.  and  L.      . 

394-73 
646. 19 

3S2.I9 
538.71 

423.38 
759.16 

431-55 
749.  «3 

365-63 
625.29 

Average  H.  P.  No.  2  Engine 648.65 
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SUMMARY  OF  A   24-HOUR  BOILER  TEST. 
Date,  January  13,  1896,  8  a. M.,  to  January  14,  8  a.m.     Nos.  146-148. 


u 

Prbssukbs. 

Tbmpbraturxs.    ^'C. 

Wbights. 

s 

0 

<-> 
• 

0 

1 

•n 

• 

Time. 

arometer. 
[  Lbs.  per  sq. 

9 
fi) 
6 

• 

1 

9 

• 

• 

1 

1 

1 

1 

emperature 
room. 

bs.  of  water. 
(BoUer  No. 

bs.  of  fuel. 
(Boiler  No. 

esults  of  ca 
experiments. 

Rbmakks. 

ea 

ui 

0 

u* 

(>« 

d^ 

H 

•J 

•J 

« 

Jan.  13. 

Ash  and  clinker. 

8  to  4. 

M-74 

63.5 

1-4 

«99 

8.2 

27.6 

•  ■  ■  • 

35,58» 

4.640 

■993 

410 

Jan.  13. 

4  to  13. 

14.77 

69.5 

—  .9 

206 

6.4 

28.1 

18. 1 

30,848 

3»9<» 

.994 

566 

Jan.  14. 

la  to  8. 

14.76 

73.5 

—3.4 

218 

7.8 

35-7 

24.2 

a8^a3 

3,768 

•994 

438 

ToUl, 

ao6.5 

—2.9 

623 

J2.4 

91.4 
30.5 

94.853 

12,308 

•994 

1.414 

Average, 

14.76 

68.8 

—•97 

208 

7.5 

Boiler  No.  5. 

1.  Description  of  boiler:  Horizontal  multitubular. 

2.  Grate  surface,  No.  5,  60]  in.  by  6i|  in.    Area,  feet 25.9 

3.  Water-heating  surface,  feet  .     .    . ^ii3^3 

4.  Ratio  of  water-heating  surface  to  grate  surface 42.9 

5.  Pounds  coal  fired,  including  coal  equivalent  of  wood 12,308 

6.  Unbumed  fuel .    4 o 

7.  Coal  burned,  including  coal  equivalent  of  wood  .....; •    .  12*308 

8.  Average  coal  burned  for  15  minutes .^ 128.21 

9.  Tctal  refuse  from  coal       ii4i4 

10.  Total  combustible 10,894 

11.  Average  combustible  for  1$  minutes 113-48 

12.  Average  pounds  of  air  for  —  minutes 

13.  Air  per  pound  of  coal ' 

14.  Air  per  pound  of  combustible -^^— 

15.  Quality  of  steam,  saturated  steam  taken  as  unity .994 

16.  Total  water  pumped  into  boiler  and  apparently  evaporated 94*853 

17.  Water  apparently  evaporated  per  pound  of  coal 7.71 

18.  Water  actually  evaporated,  corrected  for  quality  of  steam 94,284 

19.  Equivalent  water  evaporated  into  dry  steam,  from  and  at  212^  F 113,794 

20.  Equivalent  water  evaporated  into  dry  steam,  from  and  at  212°  F.,  per  pound  of  coal    .  9.24 

21.  Equivalent  water  evaporated  into  dry  steam,  from  and  at  212*^  F.,  per  pound  of  com- 

bustible    10.44 

22.  Coal  burned  per  square  foot  of  grate  surface  per  hour 19.8 

23.  Water  evaporated,  from  and  at  212^  F.,  per  square  foot  of  heating  surface  per  hour     .  4.26 

Analysis  of  Coal.  Analysis  op  Ash. 

C,     82.41%  C,     23.7% 

H,       1.80%  H,      0.2% 

HA  >-87%  Ash,  75.0% 

Ash,   9.46% 

Entire  heating  surface.     No  tubes  plugged. 
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TEMPERATURE.    ^Cent. 
Date,  January  13-14,  1896.     Nos.  146-148. 


Stack. 

' 

f 

Time. 

• 

1 

c 

c 

tub 

C 

• 

J 

Time. 

• 
• 

Time. 

• 

9 

•0 

•0 

9 

8.00 

200 

•  •  • 

•  •  •  • 

•  •  ■  ■ 

430 

215 

2.00 

230 

8.15 

207 

•  •  • 

•  •  •  • 

•  •  •  • 

4-45 

200 

2.15 

236 

8.30 

191 

•  •  • 

•  •  •  • 
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SUMMARY  OF  A  33I-HOUR  BOILER  TEST. 
Date,  January  15,  189G,  8.30  A.U.,  to  January  16,  S.15  a.m.    New.  151-154. 


.    DcMrlpdoB  at  boiler :  i 
,    Gnu  unux,  No.  j,  60 


BoUtr  Ho.  J. 


4.     Ruria  ol  nlcr-hudng  lurfica  to  (lau  Mrbca rq.6 

i.    PoaaAi  coaL  firtd,  LndudiDf  coal  equiT&lcnt  of  irood    .    - A,j|d 

6.     Uubutned  [i»1 o 

7-    Coa]  burned.  lodiulEnf  ciaL  equlnleDi  of  irood .  Ai>30 

&    ATcngB  coal  btuncd  for  ij  mlonte* ^5.0 

g.    Toul  nfnH  from  coal S68 

10.  Total  cscBbiHIibLl $,)«i 

ij,    Avonft  cbmbtuliblflfor  15  mlDutei 56.44 

I  J.    Ato4^  pouDdi  of  ilrfor  If  mlDuten     ......'...........  1,156 

E).    Air  per  pouibd  of  coal 17.6 

It.    Air  ptT  pouod  dI  canbonlblc 10.4 

]6.    Total  water  pomped  Into  bdler  and  apparently  enponted    ..........  54.604 

11.  Waurapparcntlr  evaponltd  per  pound  of  coal i.76 

iq,     Equlnlentwmiareiipontedinlodry  ateais,  fromand  11111°  F 65,579 

lo.     EqulTilenl  nlErenponUd  Intodi]!  xeain.froniandatiii'' P,.p(r  povndof  CO*l   .  IO.S1 
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ij-    Water  aviponled,  Iroaa  indal  ija°  F.,  per  iquire  foot  of  faealinf  aurfice  par  hour  j.44 

Analtus  or  C04U  Ahalviis  or  Aut. 

Clrbon,  81,40%  Carbon,  ».q% 

HydrofCD,  >.ao%  HTdrogeo,  0.4% 

M<ri«i>re,  1,01%  Alb,  77.5% 

Art.  8.7i% 

DdtIiii  Ibli  teat  ;i  tnbei  were  placed,  cattlnf  dom  tlte  belting  urfacs  605.8  iquirt  fMt,  and  iMttut  507.; 
irt  feet.    Thb  Ion  ma  1J.7J  boon  lonf. 
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GAS  ANALYSIS. 
Dmte,  January  15-16,  1896.     Not.  151-154. 
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TEMPERATURE.    oCent. 
Date,  January  15-16,  1896.     Nos.  152-154. 
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TKMPERATL'RE.    °Cent. 
Date,  January  13-14,  1896.      Nos.  146-148. 
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TEMPERATURE.     •Cent. 
Date,  January  14--15,  1896.    Nos.  1 49-1 51. 
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DRAUGHT  PRESSURE.     Inches  of  Water. 
Date,  January  15-16,  1896.     Nos.  152-154. 
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PULSOMETER   TESTS. 

TESTS    ON   A   NO.  4  PULSOMETER. 

Made  by  the  Pulsomeier  Steam  Pnmp  Company,  of  New  York  City. 


H  draita  from  *  mervoir  about  ft  l«t  below  the  pump.    The  ducharftc  [dpe  wu  1^  dL 
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Tests  on  Davis  Pump. 
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Tests  on  Davis  Pump. 
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Engitie  Tests. 


InurmnUiu  Icadlnj  tb«  low  hj  do  defRO. 
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TESTS  ON  THE  TRIPLE  EXPANSION  ENGINE,  9"-i6"-*4"  X  30". 


Cnnlu  Kt  iia°  ipin,  high  Iciding, 
A  dcKripiion  oi  Iht  «iigi<ia,  logethcr  with  qi 
tnlr,  Vol.  V,  No.  J, 
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Tests  on  Pelton  Water  Wheel. 

These  tests  were  made  on  a  4-foot  Pelton  wheel  made  by  the 
Pelton  Water  Wheel  Company,  of  San  Francisco.  The  water  sup)- 
ply  was  furnished  by  a  Duplex  Blake  Pump,  with  which  the  head  on 
the  wheel  could  be  varied  from  20  to  230  feet.  The  head  was  meas- 
ured by  the  use  of  a  6-inch  piezometer  located  in  the  supply  pipe 
about  two  feet  back  from  the  wheel  nozzle.  The  pressure  at  the 
piezometer  was  taken  either  by  a  mercury  column  or  a  pressure 
^auge.  The  quantity  of  water  used  was  measured  by  passing  it  over 
an  18-inch  weir.  The  power  developed  was  consumed  by  a  rope 
•  brake.  The  measurement  of  the  power  was  made  by  an  Emerson 
Power  Scale  placed  as  a  coupling  between  the  brake  and  the  wheel 
shaft  in  such  a  way  that  the  only  error  introduced  was  that  of  the 
scale  itself. 

Tests  Nos.  1-34  were  made  at  varying  heads  from  23.9  to  210.6 
feet.  Tests  Nos.  37-62  were  made  under  about  the  same  head,  and 
at  varying  speeds  from  199.5  to  228.4  revolutions  per  minute.  The 
quantity  of  water  passing  the  weir  was  calculated  by  Francis'  formula. 
The  theoretical  best  velocity  of  the  center  of  the  buckets  was  taken 
as  one  half  the  velocity  of  the  jet. 
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Tests  on  No.  6  Douglas  Hydraulic  Ram, 


Compound  Marsh  Pump.  321 

Tests  on  a  Compound  Marsh  Pump,  10",  16",  and  9^"  X  16" 

Stroke. 

The  steam  used  by  the  pump  was  condensed  in  a  surface  condenser 
and  weighed. 

The  water  pumped  was  measured,  first,  by  means  of  an  unden\Tit- 
er's  fire  nozzle  either  i^"  or  2"  in  diameter;  then,  after  leaving  the 
nozzle,  by  flowing  the  water  over  a  weir  in  the  second  story  of  the 
laboratory,  and  then  again  by  means  of  a  second  weir  in  the  base- 
ment. The  results  by  the  two  weirs  agreed  very  closely,  but  it  will 
be  noticed  that  there  is  a  slight  difference  between  the  quantities  by 
the  weirs  and  by  the  nozzle. 

The  total  head  pumped  against  was  found  by  adding  to  the  differ- 
ence in  level  between  the  water  in  the  suction  well  and  that  in  the 
air  chamber  the  head  in  feet  of  water  due  to  the  air  pressure  in  the  air 
chamber. 

Five  indicators  were  used,  four  on  the  steam  end  and  one  on 
one  end  of  the  water  cylinder.  Motion  for  the  indicator  was  gotten 
through  a  pantograph  attached  to  a  tail-rod  screwed  into  the  water 
piston  and  running  out  through  the  back  head  of  the  water  cylinder. 
The  length  of  stroke  and  number  of  strokes  were  obtained  by  attach- 
ments to  this  same  tail-rod. 


322      Results  of  Tests  Made  in  the  Engineering  Laboratories. 

TESTS  ON  A  COMPOUND   MARSH  PUMP,  lo",  16",  and  9i"  X  16"  STROKE. 


TESTS  ON  A  COMPOUND  MARSH  PUMP,  10",  16",  and  gi"  X  16"  STROKE. 
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Institute  of  Technology  has  shown  that  a  quite  satisfactory  labora- 
tory course  can  be  given  in  about  thirty  hours*  time,  and,  as  the 
apparatus  required  is  not  expensive,  it  would  seem  practicable  to  in- 
troduce such  courses  more  extensively.  The  course  given  at  the  Insti- 
tute comprises  the  following  quantitative  experiments :  Vapor-density 
determinations  by  the  three  methods  of  Victor  Meyer,  Hoffmann,  and 
Dumas ;  molecular-weight  determinations  with  Beckmann's  boiling  and 
freezing  point  apparatus  ;  measurement  of  the  speed  of  catalysis  of 
methyl  acetate  by  hydrochloric  acid ;  determination  of  the  solubility 
of  one  salt  in  the  presence  of  another ;  measurements  of  the  elec- 
trical conductivity  and  calculation  of  the  affinity  constant  of  an  or- 
ganic acid ;  and  a  thermochemical  measurement  of  the  heat  of  neu- 
tralization of  sodium  hydroxide  and  hydrochloric  acid.  It  will  be 
seen  that  almost  all  these  experiments  are  distinctly  chemical  in  their 
bearing.  Into  a  more  extended  course,  physico-chemical  measure- 
ments proper,  such  as  specific  gravity,  index  of  refraction,  viscosity 
determinations,  and  so  forth,  could  be  advantageously  introduced.  In 
arranging  the  details  of  a  course  like  that  here  described,  the  teacher 
will  find  Ostwald's  Handbook  of  Physico-Chemical  Measurements  of 
great  assistance. 
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ORIGIN  OF  PEGMATITE. 

By  W.  O.  CROSBY*  and  M.  L.  FULLER. 
Received  October  3,  1896. 

Introduction. 

The  history  of  geology  is  replete  with  theories  of  pegmatite,  or 
giant  granite  —  manifold  modifications  of  the  agency  of  water  and 
heat ;  and  this  diversity  of  opinion  finds  a  ready  explanation  in  the 
fact  that  in  no  other  class  of  rocks  do  we  find  such  a  perfect  com- 
bination of  aqueous  and  igneous  characters.  Although  the  intimate 
association  and  evident  close  connection  of  pegmatite  with  undoubted 
plutonic  rocks,  and  their  agreement  with  the  latter  in  composition 
and  relations  to  the  inclosing  formations,  has  led  many  writers  to 
regard  the  pegmatite  itself  as  of  plutonic  igneous  origin,  it  is  not 
long  since  geologists,  from  a  consideration  chiefly  of  the  exceedingly 
coarse  crystallization  and  frequent  comb-structure  of  the  pegmatites, 
were  quite  generally  united,  under  the  leadership  of  T.  Sterry  Hunt, 
in  the  conviction  that  they  were  true  vein  rocks,  due  to  the  deposition 
of  the  various  component  minerals  from  solution  in  open  fissures  or 
other  preexisting  cavities.  Now,  however,  a  decided  drift  in  the  op- 
posite direction  may  again  be  noted,  and  the  recent  literature  of  the 
science  indicates  an  approaching  consensus  of  opinion  in  favor  of  the 


'  Nearly  three  years  ago  (December,  1893)  I  read  a  paper  on  the  ** Origin  of  Pegmatite" 
before  the  Geological  Society  of  America,  a  brief  abstract  of  which  appeared  in  the  Ameri- 
can Geologist  for  March,  1894.  (See,  also.  Technology  Quarterly,  7,  30-31.)  In  that  paper 
I  developed  in  outline  the  modification  of  Lehmann*s  aquco-igneous  theory  of  pegmatite,  which 
is  more  completely  elaborated  and  substantiated  in  the  present  contribution ;  but  its  publi- 
cation was  deferred,  awaiting  an  opportunity  to  more  thoroughly  test  the  theory  in  the  field. 
In  the  summer  of  1895  ^  w*^  ^'^^^  ^^  spend  a  few  days  in  the  pegmatite  district  of  Graf- 
ton and  Sullivan  Counties,  in  southwestern  New  Hampshire,  and  later  in  the  year  Mr. 
Fuller,  a  student  in  the  Geological  Department  of  the  Massachusetts  Institute  of  Tech- 
nology, undertook,  under  my  direction,  a  more  extended  and  detailed  study  of  the  pegma- 
tites of  that  region,  basing  thereon  his  thesis  for  graduation  the  following  June.  Mr.  Ful- 
ler's investigation  has  materially  modified  and  strengthened  the  aqueo-igneous  theory,  and 

hence  this  joint  production. 

W.  O.  Crosby. 
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ence  of  the  pegmatites  to  the  character  of  the  inclosing  formations. 
The  former^  cites  as  examples  the  acid  pegmatites  of  Hittero,  which 
cut  a  very  basic  (labradorite  and  anorthite)  rock,  and  those  of  Ru- 
demyr  cutting  Silurian  schists  and  limestones,  and  the  latter*  speaks 
of  the  acid  pegmatites  of  Maryland  as  occurring  in  gabbro  and  peri- 
dotite  and  extending  from  gneiss  into  limestone  without  sensible 
change. 

The  one  important  exception  to  this  principle  is  found  in  the  fact 
which  lies  at  the  foundation  of  the  modern  theory  of  pegmatite,  viz., 
that  in  every  pegmatite  district  there  is  one  normal  plutonic  rock  of 
essentially  similar  but  slightly  less  acid  composition,  with  which  the 
pegmatite  is  most  intimately  associated,  into  which  it  may  often  be 
traced,  and  from  which  it  has  evidently  been  derived.  That  is,  the 
pegmatites  are  contrasted  with  the  inclosing  formations  in  all  cases 
except  where  they  traverse  the  plutonic  mass  of  which  they  are  the 
most  highly  differentiated  phase  or  end-product.  Brogger  and  Wil- 
liams lay  much  stress  upon  this  fact  and  cite  abundant  illustrations  of 
it,  noting  especially  that  the  pegmatite  is  more  acid  than  the  parent 
mass.  Williams  says  of  the  pegmatite  dikes  of  Maryland,  "  They 
agree  essentially  in  chemical  and  mineral  composition  with  the  granite 
masses  whose  igneous  origin  is  well  established,  although  they  are  in 
the  main  somewhat  more  acid  than  these,  and  their  size  and  abundance 
are  directly  proportioned  to  their  nearness  to  some  eruptive  granite 
mass.  At  many  localities  they  can  be  seen  to  decrease  steadily  both 
in  number  and  size  as  they  recede  from  such  a  granitic  boundary." 
The  more  acid  character  of  pegmatite  than  of  granite  is  seen  in  the 
fact  that  among  the  micas  biotite  largely  predominates  in  granite,  and 
is  the  exception  in  pegmatite. 

The  parent  plutonics  of  the  pegmatites  which  we  have  studied  in 
New  Hampshire  are  the  Concord  granite,  and  the  Montalban  gneiss, 
the  latter  seeming  to  be  merely  a  more  gneissoid  phase  of  the  former. 
These  two  granitic  types,  it  may  be  added,  are  readily  proved  by  the 
field  evidence  to  be  the  youngest  and  most  acidic  of  the  entire  gran- 
itic series  of  the  region,  the  facts  pointing  very  plainly  to  a  progress- 
ive chemical  differentiation  of  a  vast  body  of  magma  during  a  long 
period,  with,  at  the  end,  a  marked  textural  differentiation.     In  New 


Canadian  Record  of  Science,  6,  36  and  37. 
'  U.  S.  Geol.  Survey,  Ann.  Report,  15,  683. 
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granite.  G.  vom  Rath,  in  his  account  of  the  celebrated  pegmatite 
veins  of  Elba,^  says  that  the  "tourmaline,  beryl,  lithia  mica,  etc.,  are 
foreign  to  normal  granite,"  and  that  ''these  veins,  on  account  of  their 
wealth  in  rare  and  peculiar  minerals,  which  for  the  most  part  are  want- 
ing in  the  wall-rocks,  necessitates  the  assumption  of  a  special  mode  of 
formation  quite  different  to  that  assumed  for  the  wall-rock."  That 
the  rare  species  are  a  more  conspicuous  feature  of  pegmatite  than  of 
granite  is  obvious,  but  that  they  are  absolutely  much  more  abundant 
when  large  volumes  of  rock  are  compared,  has  certainly  not  been 
proved,  and  is  at  least  doubtful.  The  same  slow  process  which  builds 
the  giant  crystals  of  spodumene,  beryl,  etc.,  must  tend  to  gather  the 
materials  from  a  large  volume  of  magma.  In  other  words,  although 
in  the  number  and  variety  of  the  accessory  minerals  the  pegmatite 
veins  far  exceed  the  known  species  of  the  normal  granites,  we  have 
good  reason  for  believing  that  in  these  rarer  or  accessory  as  well  as 
the  more  abundant  or  principal  minerals,  the  two  types  are. essentially 
similar  if  not  almost  identical,  or  at  least  that  bulk  analyses  would 
show  a  substantial  agreement  in  chemical  composition.  Substances 
which  are  so  sparingly  and  thinly  diffused  in  the  normal  granites  as  to 
be  almost  or  quite  inappreciable  are,  if  not  actually  concentrated  in 
the  pegmatite,  developed  in  a  more  concrete  and  tangible  form. 

Texture.  {Crystallization.) — Undoubtedly  the  most  distinctive  and 
striking  feature  of  the  pegmatites  is  the  crystalline  structure,  which  is, 
in  general,  on  a  remarkably  coarse  or  gigantic  scale,  and  unparalleled 
among  the  sedimentary  and  normal  igneous  rocks.  Well  formed  crys- 
tals of  feldspar  and  mica,  and  even  of  such  rare  accessories  as  beryl 
and  spodumene,  from  6  inches  to  a  foot  or  more  in  diameter,  are 
normal  occurrences.  In  fact,  as  regards  the  size,  perfection,  beauty, 
and  variety  of  the  specimens  which  they  afford,  the  pegmatites  are, 
more  than  all  other  rock  formations  taken  together,  the  great  reposi- 
tories of  crystallized  silicates,  as  every  good  mineral  cabinet  testifies ; 
and  it  is  thus  easy  to  understand  why  the  pegmatite  veins  are  objects 
of  the  highest  interest  to  students  of  mineralogy.  An  examination 
of  the  mineral  localities  of  New  England  and  Canada,  not  to  take  a 
broader  view,  would  undoubtedly  show  that  a  very  large  majority  of 
the  more  interesting  occurrences  are  in  acid  or  basic  pegmatites. 


'  Die  Insel  Elba  (Geogn.-min.    Fragmente  aus  Italien,  VIII)  in  Zeitschr.  d.  d.  geol.  Ges., 
1S70,  22,  649. 
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The  order  of  crystallization  of  the  various  minerals  in  pegmatite 
is  the  same  as  for  the  normal  plutonics  —  tourmaline  (and  other  basic 
species),  biotite,  muscovite,  basic  feldspar,  acid  feldspar,  and  quartz  — 
and  equally  constant,  (Figure  i).  Pegmatite  agrees  with  the  normal 
plutonics,  also,  in  the  approximately  idiomorphic  character  of  the  ear- 
lier crystallizations,  the  quartz  being  always  allotriomorphic.  In  the 
vugs  and  pockets  of  the  pegmatite  veins,  however,  the  order  of  crys- 
tallization is  reversed,  except  for  tourmaline  and  other  ultra-basic  spe- 
cies, and  the  quartz  is  idiomorphic.  This  reverse  order  is  well  shown 
in  the  abundant  association  of  albite  and  muscovite  in  the  pockets 
of  the  pegmatite  veins  of  Groton,  Orange,  Grafton,  and  other  towns. 
The  albite  occurs  as  distinct  tabular  crystals  (clevelandite)  projecting 
into  the  cavity;  and  implanted  on  the  albites  are  the  muscovites. 
Notwithstanding  the  lateness  of  its  crystallization,  the  quartz  not  in- 
frequently forms  immense  vitreous  masses  (Figure  2),  and  these  often 
pass  into  veins  of  quartz,  or  quartz  and  accessory  feldspar,  intersecting 
the  normal  pegmatite  as  well  as  the  country  rock  (Figure  3),  thus  testi- 
fying clearly  to  the  extremely  acid  character  of  the  magma  residuum. 

Rosenbusch  has  sagaciously  correlated  the  pockets  and  druses 
with  the  niiarolitic  structure  of  the  normal  plutonics  —  a  feature  of 
like  significance,  but  developed,  like  the  crystallization,  on  a  grand 
scale.  Evidence  of  contemporaneous  crystallization  is  abundant  in 
all  the  larger  masses,  the  crystallization  of  the  later  species  having 
begun  before  that  of  the  earlier  ceased.  It  is  sufficient  to  merely 
mention  the  unique  example  of  this  which  we  have  in  graphic  gran- 
ite. A  tendency  to  this  regular  intergrowth  of  quartz  and  feldspar 
is  frequently  manifested ;  but  it  rather  rarely  attains  to  its  ideal  de- 
velopment. The  perthitic  intergrowth  of  the  feldspars  has,  appar- 
ently, a  like  significance.  When  the  earlier  crystallizations  assume 
slender,  prismatic  forms,  as  is  notably  the  case  with  tourmaline,  the 
subsequent  hardening  and  crystallization  of  the  silica  (quartz)  involves 
not  only  the  inclosure,  but  also  the  distortion  and  breaking,  of  the 
guest  crystals. 

Structure.  —  It  is  among  the  varied  structural  phases  of  pegma- 
tite that  aqueous  and  igneous  characters  —  the  features  of  veins  and 
the  features  of  dikes  —  are  most  perfectly  blended.  The  pegmatite 
masses,  like  true  dikes,  are  frequently  fine-grained  next  the  wall,  be- 
coming rapidly  coarser  toward  the  center.  Where  the  inclosing  for- 
mation is  the  parent  plutonic,  the  fine-grained  portion,  as  previously 
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showing  that  this  comb-structure  and  a  distinct  banding  are  not 
necessarily  correlative,  although  they  are  undoubtedly  of  like  signifi- 
cance, testifying  with  equal  distinctness  to  successive  crystallization. 
The  comb-structure  is  also  observable  in  the  disposition  of  other 
prismatic  minerals  and  of  such  tabular  species  as  mica  and  albite, 
which  are  almost  invariably  set  edgewise  or  perpendicular  to  the 
walls  in  veins  of  regular  form  and  structure. 

Although  occurring  but  sparingly,  vugs  or  pockets  and  druses 
are  to  be  regarded  as  highly  characteristic  and  significant  structural 
features  of  pegmatite — interesting  and  entirely  normal  possibilities 
of  the  pegmatite  process.  In  the  New  Hampshire  pegmatites  we 
have  found  them  almost  exclusively  in  the  larger  veins  and  masses ; 
and  some  of  these  are  of  large  dimensions,  as  may  be  inferred  from 
the  fact  that  a  pocket  in  the  Palermo  Mine,  in  Groton,  has  afforded 
a  well-formed  crystal  of  quartz  about  a  yard  in  diameter.  These 
great  pockets  are  wholly  irregular  in  form,  and  seem  to  have  no  defi- 
nite position  in  the  vein,  except  that  they  are  never  peripheral.  In 
other  districts,  pockets  in  narrow  and  distinctly  linear  veins  have 
been  observed.  These  are  flatly  lenticular  in  form  and,  except  min- 
eralogically,  in  no  wise  distinguishable  from  the  pockets  of  ordinary 
mineral  veins. 

Inclosed  fragments  of  the  wall-rock  are  an  exceedingly  common 
and  characteristic  feature  of  pegmatite ;  and  the  inclusions  are,  almost 
without  exception,  as  so  commonly  in  the  normal  plutonic  rocks,  in 
perfect  agreement  in  position  and  orientation  of  the  lamination  or 
other  structural  features  with  the  adjacent  wall-rock.  This  peculiarity 
of  the  inclusions,  although  not  absolutely  incompatible  with  the  aque- 
ous theory  of  pegmatite,  certainly  accords  best  with  the  plutonic  ig- 
neous theory.  In  two  instances  only  have  we  observed  inclusions  that 
appeared  to  be  foreign  to  the  immediately  adjacent  part  of  the  wall ; 
viz.,  in  small  veins  near  the  Palermo  Mica  Mine  of  North  Groton 
and  in  the  southern  part  of  Grafton.  In  both  cases  the  foreign  in- 
clusions are  of  the  dark  hornblendic  Bethlehem  gneiss,  while  the 
wall-rock  is  fibrolite  schist  in  the  first  instance  and  the  coarse  por- 
phyritic  granite  in  the  second. 

In  many  cases  the  inclusions,  especially  of  schist,  have  an  ex- 
ceedingly frayed-out  and  skeleton-like  appearance,  suggesting  a  differ- 
ential solvent  action  and  shredding  rather  than  mere  mechanical 
breaking  or  cracking.     The  wall  itself  is  often  similarly  affected,  as 
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schistose  rocks ;  and  for  many  of  the  pegmatite  masses  in  the  schists 
the  mechanical  explanation  is  entirely  inadmissible,  the  pegmatite  hav- 
ing evidently  made  room  for  itself  by  dissolving  and  absorbing  con- 
siderable volumes  of  schist  —  spaces  of  dissolution.  We  have  a  mag- 
nificent ejtaraple  in  the  great  body  of  pegmatite  at  the  Ruggles  Mica 
Mine,  in  Grafton.  It  has  great  breadth  in  the  vertical  schists,  and 
the  schists,  without  change  of  dip,  completely  cover  the  pegmatite, 
,  the  bedding  planes  ending  downwards  squarely  against  the  approxi- 


mately flat  upper  surface  of  the  great  boss  or  stock  of  pegmatite 
(Figure  7).  Evidently,  no  theory  of  pegmatite  can  be  regarded  as  ade-- 
quate  which  fails  to  take  account  of  both  of  these  diverse  causes  <rf 
the  cavities  —  rifting  and  solution.  '  Still  a  third  cause  must  be  in- 
voked where  the  pegmatite  is  inclosed  in,  and  blends  witb,  the  par- 
ent plutonic  rock. 


curding  to  the  observaiions  of  Delesse,  volcanic  rocks,  when  reduced  to  a  motten 
I,  ATiack  briskly  the  sides  of  the  Hessian  crucibles  in  which  thej  are  contained 
\  eat  through  them. 
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formed  chiefly  by  lateral  secretion  in  rocks  devoid  of  sensible  fissures 
or  cavities.  The  characters  of  the  endogenous  or  fissure  veins  are 
well  known,  the  most  significant,  perhaps,  being  the  banding  or  crus- 
tification,  comb-structure,  and  pockets.  The  exogenous  or  segrega- 
tion veins  are  especially  characterized  by  their  homogeneity  of  com- 
position and  structure  and  the  absence  of  pockets. 

The  view  that  pegmatite  masses  are,  in  origin,  akin  to  mineral 
veins,  originally  proposed  by  Saussure,  has  in  recent  years  been  most 
positively  asserted  and  strongly  defended  by  T.  Sterry  Hunt.  He 
held^  that  the  pegmatites  have  been  formed  by  the  successive  dep- 
osition of  mineral  matter  from  solution,  usually  in  open  fissures  ; 
and  in  the  development  of  the  genetic  hypothesis^  he  states  that 
"the  gneisses  and  bedded  granites  are  to  granitic  veins  (pegmatite) 
what  beds  of  chemically  deposited  limestone  and  travertine  are  to 
calcareous  veins.** 

In  reviewing  the  characters  of  pegmatite,  a  goodly  proportion  are 
found  to  be  common  to  one  or  the  other  of  the  two  types  of  veins 
noted  above  ;  and  to  admit  of  explanation,  therefore,  by  the  purely 
aqueous  theories.  Among  these  are  the  following:  (i)  rare  minerals; 
(2)  coarse  crystallization ;  (3)  banding  and  comb-structure,  with  tour- 
malines, etc.,  normal  to  the  walls ;  (4)  inclusions  of  water  in  quartz, 
etc.  ;  (5)  pockets  and  druses.  On  the  other  hand,  vein  formation 
does  not  satisfactorily  explain  :  (i)  the  order  of  crystallization,  except 
in  pockets  ;  (2)  completely  idiomorphic  crystals;  (3)  the  graphic  struc- 
ture ;  (4)  the  finer  crystallization  next  the  walls,  at  least  this  is  more 
suggestive  of  igneous  contacts ;  (5)  broken  tourmalines,  etc. ;  (6)  in- 
clined tourmalines ;  (7)  inclusions  of  carbon  dioxide ;  (8)  immense 
size  of  many  of  the  veins;  (9)  evidence  of  solution  of  the  walls;  (10) 
orientation  of  inclusions.  The  characters  of  the  first  list  point  un- 
equivocally to  the  intervention  of  water  in  the  formation  of  pegma- 
tite ;  while  those  of  the  second  list  demand  with  equal  distinctness 
important  modification  of  the  aqueous  process. 

Igneous  Theories. 

One  of  the  earliest,  and  at  the  same  time  one  of  the  clearest  and 
most  satisfactory,  statements  of  the  igneous  theory  of  pegmatite  is 
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grained  rock  mass ;  the  explanation  throws  light  in  both  cases  upon 
the  continuous  transition  from  the  rock  formed  purely  by  magmatic 
solidification  to  the  final  minerals  of  the  druses  deposited  from  solu- 
tions not  exactly  magmatic  (less  concentrated)/* 

This  statement  certainly  leaves  much  to  be  desired  in  the  way 
of  clearness,  and  we  confess  ourselves  unable  to  gather  from  it  with 
certainty  the  author's  meaning.  Considered  simply  as  a  suggestion  or 
outline  of  the  mode  of  formation  of  pockets,  we  should  not  care  to 
criticise  it.  The  references  to  more  and  less  concentrated  magmatic 
silicate  solutions  suggest  the  possible  intervention  or  agency  of  water ; 
but  in  view  of  the  facts  that  this  is  not  explicitly  stated  and  that 
anhydrous  magmas  are  now  generally  regarded  as  true  solutions,  the 
idea  of  minimizing  the  aqueous  influences  is  obvious.  Whether 
Brogger  should  really  be  classed  with  the  advocates  of  the  igneous 
or  the  aqueo-igneous  theory  of  pegmatite  is  , therefore,  doubtful ;  and 
it  has  seemed  best  to  us  not  to  hazard  a  guess  as  to  the  possible 
hidden  meaning  of  his  language. 

Aqueo-igneous  Theory. 

Although  the  igneous  theory,  even  in  its  more  modern  forms, 
so  obviously  fails  as  a  complete  explanation  of  pegmatite,  yet  it  is 
distinctly  along  this  line,  from  Charpentier's  view  as  a  starting  point, 
that  we  have  advanced  to  the  conception  of  a  more  perfect  coopera- 
tion of  heat  and  water.  Referring  to  William's  summary^  of  peg- 
matitc  theories  we  learn  that  Elie  de  Beaumont,  in  his  famous  essay 
"  Sur  les  emanations  volcaniques  et  m^talliferes,"  ^  while  accepting 
in  the  main  the  igneous  and  intrusive  origin  of  pegmatites,  intro- 
duced an  important  addition  in  assuming  water  and  other  mineral- 
izing agents  as  necessary  factors  in  their  formation.  Scheerer,^  in 
a  contemporary  paper,  attributed  a  still  more  important  r61e  to  water 
in  the  formation  of  pegmatites,  holding  what  Hunt^  has  designated 
as  the  theory  of  **  granitic  juice,"  a  highly  heated  aqueous  solution 
of  mineral  substances  impregnating  the  congealing  mass  and  oozing 
out   under  pressure  into  the  surrounding  rocks.      Lehmann,^  in  his 
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note,  "  Many  large-grained  veins  of  a  pegmatitic  structure  have  been 
formed  principally  by  pneumatolitic  (aqueo-igneous)  processes,  and  not 
mainly  by  magmatic  solidification,"  citing  as  examples  the  apatite- 
bearing  basic  veins  and  many  occurrences  of  cassiterite,  tourmaline, 
topaz,  etc.  Also  that  the  muscovite  granite  pegmatite  veins,  con- 
taining especially  beryl,  topaz,  etc.,  and  having  as  principal  minerals 
microcline,  oligoclase,  albite,  quartz,  muscovite,  are,  in  comparison 
with  the  ordinary  granite  pegmatite  veins  with  which  they  frequently 
occur,  of  somewhat  later  formation,  a  slightly  different  magma,  and 
to  a  larger  extent  of  pneumatolitic  formation. 

This  review  of  opinion  shows  that  while  several  previous  writers 
have  recognized  the  important  and  necessary  agency  of  water  in  the 
formation  of  pegmatite,  varying  between  heat  as  the  chief  agent  with 
water  cooperating  (igneous  processes),  and  water  as  the  chief  agent 
with  heat  cooperating  (aqueous  processes),  Lehmann  alone  has  given 
us  a  complete  statement  of  the  aqueo-igneous  theory,  or  recognized 
the  essential  continuity  of  the  igneous  and  aqueous  processes  and  the 
consequent  complete  blending  of  fusion  and  solution,  and  their  prod- 
ucts —  the  igneous  and  aqueous  rocks.  The  present  paper  may  be 
regarded,  therefore,  as  based  upon  Lehmann's  work  —  a  restatement 
of  his  views,  with  more  complete  elaboration  and  illustration  in  certain 
directions. 

All  lavas  appear  to  be  more  or  less  hydrated  at  the  time  of  their 
extrusion ;  and,  however  much  opinions  may  differ  concerning  the 
source  of  the  water  and  its  original  relations  to  the  magma,  it  is  gen- 
erally conceded  that  at  the  moment  of  eruption  they  are  very  inti- 
mately  united,  and  that  the  former  increases  the  liquidity  and  the 
eruptive  energy  of  the  latter.  Water  is  very  thoroughly  diffused 
through  the  earth's  crust ;  and  it  has  probably  penetrated  to  so  great 
a  depth  as  to  warrant  the  conclusion  that  all  the  so-called  igneous  rocks 
now  exposed  to  our  observation  arc  in  some  degree  the  products  of 
aqueo-igneous  fusion.  It  is  unnecessary,  however,  to  insist  upon  this 
broad  generalization,  for,  although  it  may  be  questioned  for  some  of 
the  plutonic  rocks,  it  is  very  generally  conceded  to  be  true  for  those 
with  which  we  now  have  to  do  —  the  acid  plutonics  or  the  granites. 

The  order  of  crystallization  of  the  component  minerals,  and  the  fact 
that  the  quartz,  which  has  been  in  every  instance  the  last  mineral  to 
crystallize,  is  usually  crowded  with  aqueous  inclusions,  leave  no  room 
to  doubt  that  water  was  present  and  played  an  important  part  in  the 
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reticulated  or  sponge-like  zone,  through  the  meshes  of  which  the  silica 
gradually  expels  a  portion  of  its  water.  This  process  is,  perhaps, 
favored  by  the  tendency,  through  contraction,  to  reduce  the  pressure 
in  the  interior  of  the  mass.  The  magma  thus  becomes,  although  its 
temperature  is  slowly  falling,  more  and  more  liquid,  passing  gradually 
from  the  condition  of  aquco-igncous  fusion  to  that  of  igneo-aqueoiis 
solution ;  and  the  greater  mobility  of  the  latter  state  permits  the  for- 
mation of  larger  crystals.  We  may  thus  conceive  a  perfect  blending 
of  the  conditions  favoring  the  formation  of  normal  granite  in  the  exte- 
rior portion  of  the  mass  with  those  favoring  the  formation  of  giant 
granite  or  pegmatite  in  the  central  portion. 

Cooling,  crystallization,  and  dehydration  are  processes  involving 
contraction,  and  thus,  as  in  a  septarian  concretion,  there  is  a  manifest 
tendency  to  form  vacant  spaces  or  cracks  in  the  interior  of  the  boss, 
in  which  the  highly  hydrated  and  liquid  residuum  of  the  magma  col- 
lects and  slowly  crystallizes.  If  these  cracks  extend  through  the  hard 
crust  of  the  boss  into  the  surrounding  or  overlying  schists,  or  if  fis- 
sures due  to  extraneous  causes  penetrate  the  boss,  they  will  become 
the  seats  of  sharply  outlined  and  typical  veins  of  pegmatite. 

The  gradual  character  of  every  phase  in  the  refrigeration  and  solid- 
ification of  the  boss  makes  it  absolutely  necessary  to  suppose  that 
there  must  be  somewhere  a  perfect  gradation  from  the  normal  granite 
to  the  coarsest  pegmatite.  As  previously  stated,  this  gradation  may 
be  observed  to  some  extent  in  the  natural  ledges ;  but  we  may  fairly 
suppose  that,  while  the  cooling  of  the  boss  would  be  partly  lateral,  it 
would  take  place  mainly  downwards  ;  and  since  distinct  veins  of  peg- 
matite represent  an  actual  extravasation  of  the  aqueo-igneous  magma, 
it  is  apparent  that  the  gradation  in  question  should  be  sought  mainly 
in  depth.  It  appears  to  us  probable  that  some  of  the  coarser  plutonic 
rocks,  like  the  syenite  of  Marblehead,  Mass.,  in  a  portion  of  which  the 
crystals  of  feldspar  are  from  four  to  six  inches  in  length,  should  be 
regarded  as  intermexliate  between  those  of  more  normal  texture  and 
pegmatite. 

It  is,  perhaps,  not  impossible  that  a  ])()rti()n  of  the  water  required 
for  the  more  perfect  hydration  and  liquefaction  of  the  residuum  of  the 
magma  may  be  derived  from  extraneous  sources.  The  boss  is  a  great 
body  of  magma  which  has  been  forced  up  to,  or  developed  in,  a  posi- 
tion in  the  earth's  crust  far  above  its  normal  level.  It  brings  the  deep- 
seated  temperature  and  other  conditions  up  into  the  region  of  compar- 
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An  analogy  may  also  be  traced  between  this  explanation  of  peg- 
matite and  what  appears  to  us  to  be  the  best  explanation  of  the  quartz 
geodes  in  certain  limestone  formations.  Soluble  organic  silica  origi- 
nally disseminated  through  the  limestone  is  dissolved  by  percolating 
water  and  subsequently  replaces  the  calcium  carbonate  of  the  lime- 
stone about  favorable  centers.  The  silica  is  precipitated  and  accumu- 
lates in  a  highly  hydrated  and  gelatinous  form.  Its  volume  is  thus 
sufficient  to  fill  the  globular  cavity  due  to  the  solution  of  the  lime- 
stone ;  and,  theoretically,  the  accumulation  continues  until  the  soluble 
silica  in  the  tributary  portion  of  the  limestone  is  exhausted.  The 
gelatinous  silica  then  slowly  dehydrates  and  solidifies.  This  process 
begins  at  the  surface ;  a  continuous  and  impervious  shell  is  thus 
formed ;  and  the  remaining  silica  slowly  adds  itself  to  the  inner  sur- 
face of  the  shell.  The  viscous  nature  of  the  hydrate  does  not  allow 
the  molecules  of  silica  sufficient  freedom  of  movement  for  the  devel- 
opment of  a  visibly  granular  or  crystalline  structure ;  and  the  outer 
layer  of  the  shell  is,  therefore,  cryptocrystalline  or  chalcedonic.  But 
a  process  of  spontaneous  differentiation  is  in  progress.  The  separa- 
tion of  a  portion  of  the  silica  renders  the  solution  more  mobile,  the 
molecules  of  silica  move  more  freely,  so  that  crypt ocrystallization 
usually  gives  way  to  phenocrystallization,  and  the  inner  surface  of  the 
geode  is  studded  with  large  and  perfect  crystals  of  quartz.  The  finely 
crystalline  normal  granite  forming  the  main  part  of  a  boss  corresponds 
to  the  chalcedonic  shell  of  a  geode,  and  the  central  veins  and  masses 
of  pegmatite  to  the  crystalline  lining.  The  much  larger  proportion  of 
water  in  the  ball  of  colloid  silica  from  which  a  geode  is  evolved  deter- 
mines a  greater  preponderance  of  the  coarser  crystallization  and  a  rela- 
tively larger  central  cavity  or  pocket  than  in  the  granite  boss ;  while 
the  vastly  slower  crystallization  of  the  boss  prevents,  as  a  rule,  even 
the  outer  part  from  being  left  in  the  semi-amorphous  or  felsitic  condi- 
tion, which  would  be  essential  to  give  a  perfect  correspondence  with 
the  chalcedonic  outer  shell  of  the  geode. 

We  have  observed  in  New  Hampshire,  as  Williams  has  in  Mary- 
land, and  other  writers  in  Europe,  a  perfect  gradation  in  composition 
between  veins  of  typical  pegmatite  and  ordinary  quartz  veins.  The 
quartz  veins  often  intersect  the  pegmatite  and  are  obviously  newer ; 
though  it  is  probable  that  they  are  usually  substantially  contempora- 
neous with  the  great  masses  of  quartz  which  are  such  a  characteristic, 
as  well  as  the  latest,  feature  of  the  pegmatite.     We  hold,  with  Leh- 
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volume  of  water-bearing  wall-rock  per  unit  of  surface  of  the  body  of 
magma  would  not  be  increased,  the  volume  of  magma  through  which 
the  water  would  be  diffused  as  fast  as  absorbed  would  be  enormously 
greater  and  no  exceptional  or  marked  degree  of  hydration  could  result. 
That  the  wall-rock  must  have  been  highly  heated,  contrary  to  Leh- 
mann's  view,  is  reasonably  certain  from  the  absence  in  both  the  gran- 
ites and  pegmatite  of  the  normal  gradation  in  texture  due  to  the  chill- 
ing action  of  the  walls.  On  the  other  hand,  this  high  temperature 
probably  would  not  tend  to  expel  the  water  from  the  inclosing  forma- 
tions^ and  thus  prevent  them  from  contributing  water  to  the  invading 
magmas ;  for  the  well-known  experiments  of  Daubrde  and  Poiseuille 
indicate  that  within  certain  limits,  at  least,  the  heat  favors  rather  than 
hinders  the  downward  progress  of  the  water  in  the  earth's  crust ;  and 
it  appears  to  us  very  probable  that  the  absorption  of  water  by  deep- 
seated  magmas  is  another  cause  operating  to  the  same  end.  It  can 
hardly  be  doubted  that  the  temperature  was  well  above  the  critical 
point  for  water,  and  hence  the  hydration  of  the  magma  really  means 
the  absorption  of  superheated  aqueous  vapor  under  enormous  pressure. 
This  extension  of  the  pegmatite  theory  overcomes  the  obvious  diffi- 
culty as  to  the  extensive  extravasation  of  pegmatite  magma  evolved  or 
originating  deep  down  in  a  great  boss  of  solidified  granite ;  and 
apophyses  of  normal  granite  accompanying  pegmatite  may  reasonably 
be  referred  to  a  somewhat  earlier  period,  when  the  thermal  conditions 
were  still  unfavorable  to  aqueous  absorption. 

Pegmatite  magma  may  not  only  be  assumed  to  be  more  liquid  than 
that  of  normal  granite,  but  to  solidify  less  promptly,  solidification 
being  due  only  in  part  to  cooling  and  in  part  to  spontaneous  dehydra- 
tion,—  a  general  principle,  the  application  of  which  to  the  pegmatite 
magma  is  indicated  by  the  absence  of  hydrous  species  among  the  com- 
ponent minerals.  The  experiments  of  Daubree  and  others  favor  the 
view  that  the  proportion  of  water  essential  to  the  constitution  of  the 
pegmatite  magma  is  small ;  and  this  is  indicated,  also,  by  the  infre- 
quent and  relatively  small  pockets ;  although  the  enormous  pressure 
prevailing  at  these  great  depths  may,  perhaps,  tend  to  prevent  the 
formation  of  pockets. 

The  origin  of  pegmatites  at  great  depths  is  suggested  by  the 
regional  metamorphism  of  the  schists  and  the  consequent  general 
absence  of  characteristic  or  significant  igneous  contact  phenomena; 
and  a  high  temperature  may  be  inferred  from  the  usually  jagged  out- 
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lines  of  the  veins,  indicating  a  tearing  or  rending,  rather  than  a  break- 
ing, of  the  rocks,  as  if  they  had  been  softened  and  toughened  by  heat. 
The  minute,  thread-like  veins  and  apophyses,  both  of  pegmatite  and 
common  granite,  and  the  very  common  lack  of  gradation  along  the 
walls  for  both  rocks,  are  other  facts  pointing  to  the  same  general  con- 
clusions. The  pegmatite  magma  is  probably  very  liquid  only  in 
pockets ;  while  for  the  development  of  the  normal  pegmatite  a  much 
thinner  jelly  than  the  normal  granite  magma,  combined,  as  in  the 
latter,  with  extremely  slow  cooling  and  dehydration,  seems  to  be  re- 
quired. The  order  of  crystallization  shows  that  pegmatite  magma  is 
only  a  more  extreme  form  of  the  granite  magma.  In  a  true  igneous 
or  granite  magma,  however,  the  size  of  the  crystals  is  definitely  lim- 
ited by  the  viscosity ;  and  beyond  a  certain  point  it  is  practically  inde- 
pendent of  slowness  or  rate  of  cooling.  It  may  be  noted,  also,  that 
while  in  pegmatite  the  tabular  and  prismatic  crystals  tend  to  be  per- 
pendicular to  the  walls,  in  true  magmatic  consolidation  the  orientation 
of  the  crystals  is  essentially  indifferent  to  the  walls. 

The  essential  continuity  of  fusion  and  aqueous  solution  is  not 
readily  demonstrated  by  experiment.  Under  the  relatively  moderate 
pressures  which  have  been  employed,  the  addition  of  heat  to  a  solu- 
tion, beyond  a  certain  low  maximum,  vaporizes  and  expels  the  solvent ; 
and,  in  like  manner,  although  the  nJdition  of  water  to  a  magma  pro- 
motes liquidity,  the  amount  of  water  which  the  magma  can  retain  is 
insufficient  to  offset  the  loss  of  heat  due  to  the  vaporization  of  water- 
It  is  clear,  however,  that  with  increased  pressure  solutions  might  be 
hotter  and  fusions  more  highly  hydrated  ;  and  we  see  no  reason  to 
doubt  that  at  moderate  depths  in  the  earth  heat  and  water  may  exist 
in  equal  and  perfect  cooperation.  Whether  at  greater  depths  igneous 
fusion  prevails  must  depend,  of  course,  upon  the  temperature  and  its 
relations  to  the  elevation  of  the  fusing  point  by  increase  of  pressure. 
The  absorption  of  water  under  pressure  by  a  liquid  magma  appears  to 
be  a  chemical  process,  a  true  hydration,  the  water  disappearing  as  such. 
If  this  view  be  correct,  there  is  certainly  some  reason  to  think  that  we 
have  here  a  reinforcement  of  Daubree's  explanation  of  the  downward 
progress  of  water  in  the  earth's  crust.  It  is  not  only  urged  down  by 
capillary  attraction,  but  also,  as  previously  stated,  to  make  good  the 
loss  due  to  its  absorption  by  deep-seated  magmas. 

Pressure    j)n)motes    aqueous   absorption    and    solution,    but   retards 
fusion  by  raising  the  fusing  point.     High  temperatures,  on  the  other 
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On  the  Viscosity  of  Certain  Salt  Solutions.      By  B.  E.  Moore. 

Phys.  Ra\,  3,  321-334.  —  The  viscosity  referred  to  water  at  18°  C.  of  aque- 
ous solutions  of  neutral  and  acid  sodium  and  potassium  carbonate,  sulphate 
and  phosphate,  as  well  as  the  hydrate  and  oxalate  of  the  same  metals,  was 
determined  by  means  of  Arrhenius*  viscosity  pipette.  The  concentrations 
varied  in  different  cases  from  about  2.0  normal  to  0.125  normal.  The  hy- 
drates were  investigated  up  to  6.8-8.0  normal.  —  It  was  found  that  the  viscos- 
ity of  the  sodium  salts  was  in  all  cases  greater  than  that  of  the  corresponding 
potassium  salt,  and  that  both  were  greater  than  that  of  the  corresponding  acid, 
as  previously  found  by  J.  Wagner.  This  was  very  marked  in  the  case  of  the 
phosphates.  A  compaiison  with  conductivity  values  showed  that  when  the 
conductivity  of  a  series  of  salts  increased  the  viscosity  sometimes  increased 
and  sometimes  diminished,  according  to  the  nature  of  salts  compared,  no 
definite  relation  between  the  two  being  apparent.  The  author  states  that  his 
results  on  concentrated  solutions  do  not  confirm  Arrhenius*  exponential  law. 
No  new  stochiometrical  relations  appear  from  the  results. 


The  Surface  Tension  of  Liquids.  By  Arthur  L.  Foley.  Phys, 
Rez\^  3,  381-386.  —  The  method  is  essentially  that  described  by  Hall,  and 
consists  in  measuring  the  maximum  weight  of  liquid  raised  by  a  frame  brought 
into  contact  with  the  liquid.  The  author  describes  a  new  form  of  mica  frame, 
better  suited  for  accurate  work  than  the  glass  form  previously  employed,  and 
gives  the  results  of  a  few  preliminary  measurements  on  the  surface  tension  of 
water. 
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On  the  Viscosity  of  Certain  Salt  Solutions.      By  B.  £.  Moore. 

Phys.  Rer.^  3,  321-334.  —  The  viscosity  referred  to  water  at  18°  C.  of  aque- 
ous solutions  of  neutral  and  acid  sodium  and  potassium  carbonate,  sulphate 
and  phosphate,  as  well  as  the  hydrate  and  oxalate  of  the  same  metals,  was 
determined  by  means  of  Arrhenius'  viscosity  pipette.  The  concentrations 
varied  in  different  cases  from  about  2.0  normal  to  0.125  normal.  The  hy- 
drates were  investigated  up  to  6.8-8.0  normal.  —  It  was  found  that  the  viscos- 
ity of  the  sodium  salts  was  in  all  cases  greater  than  that  of  the  corresponding 
potassium  salt,  and  that  both  were  greater  than  that  of  the  corresponding  acid, 
as  previously  found  by  J.  Wagner.  This  was  very  marked  in  the  case  of  the 
phosphates.  A  compaiison  with  conductivity  values  showed  that  when  the 
conductivity  of  a  series  of  salts  increased  the  viscosity  sometimes  increased 
and  sometimes  diminished,  according  to  the  nature  of  salts  compared,  no 
definite  relation  between  the  two  being  apparent.  The  author  states  that  his 
results  on  concentrated  solutions  do  not  confirm  Arrhenius'  exponential  law. 
No  new  stochiometrical  relations  appear  from  the  results. 


The  Surface  Tension  of  Liquids.  By  Arthur  L.  Foley.  Phys. 
Re7\,  3,  381-386.  —  The  method  is  essentially  that  described  by  Hall,  and 
consists  in  measuring  the  maximum  weight  of  liquid  raised  by  a  frame  brought 
into  contact  with  the  liquid.  The  author  describes  a  new  form  of  mica  frame, 
better  suited  for  accurate  work  than  the  glass  form  previously  employed,  and 
gives  the  results  of  a  few  preliminary  measurements  on  the  surface  tension  of 
water. 
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Ultimate  Analysis, 
H.  P.  Talbot,  Reviewer. 

On  the  Determination  of  Carbon  Dioxide  by  Absorption.  By  H. 
Heidenhain.  y.  Am,  Chem,  Soc,,  i8,  i-6.  —  The  discussion  relates  to  the 
determination  of  carbon  dioxide  by  absorption  in  soda-lime.  Two  absorption 
tubes  are  found  necessary,  the  first  of  which  is  mainly  filled  with  soda-lime,  to 
which  a  small  amount  of  calcium  chloride  is  added,  while  the  second  contains 
the  two  substances  named  in  equal  proportions.  The  interchange  of  tubes 
for  a  second  analysis,  as  recommended  by  Fresenius,  was  not  found  advanta- 
geous. Even  in  blank  analyses  the  second  tube  was  found  to  gain  about 
5  milligrams,  and  it  was  continuously  used  until  the  total  gain  amounted  to 
<i^  of  a  gram,  when  it  was  refilled.  Twenty  grams  of  soda-lime  will  absorb 
I  gram  of  the  carbon  dioxide.  The  author  lays  great  stress  on  the  rale  of 
aspiration,  and  recommends  that  it,  as  well  as  the  volume  of  air  required,  be 
determined  by  careful  experiment  for  the  apparatus  used.  The  best  rate 
seemed  to  be  about  lo  cc.  per  minute  during  the  absorption  of  the  main 
quantity  of  the  carbon  dioxide,  to  be  then  increased  to  20  cc.  per  minute.  A 
sketch  of  the  apparatus  used  by  the  author  appears  with  the  article.  In  the 
opinion  of  the  reviewer,  the  use  of  potassium  hydroxide  solution  as  an  absorb- 
ent for  the  carbon  dioxide  offers,  in  general,  greater  security  than  the  use  of 
soda-lime,  which  he  has  found  to  be  somewhat  erratic  in  its  behavior  as  re- 
gards loss  of  moisture. 

A  Gravimetric  Method  of  Estimating  Phosphoric  Acid  as  Am- 
monium Phosphomolybdate.  By  Thomas  S.  Gladding.  J.  Am.  Chem. 
Soc.y  18,  23-27.  —  The  ammonium  phosphomolybdate  is  precipitated  as  fol- 
lows :  To  the  solution  of  the  phosphoric  acid,  having  a  volume  of  25-50  cc, 
ammonia  (0.90  sp.  gr.)  is  added  (25  cc.)  and  nitric  acid  (1.42  sp.  gr.)  to  acid- 
ity. The  solution  is  placed  in  a  water  bath  at  50°  C,  and  a  10  per  cent, 
molybdate  solution  is  added  from  a  burette  at  the  rate  of  three  drops  per  sec- 
ond, with  constant  stirring,  until  10  cc.  are  added  in  excess.  The  solution  is 
allowed  to  stand  ten  minutes  in  the  bath  and  then  filtered  on  a  tared  filter, 
washed  with  dilute  nitric  acid  (i  :  100),  and  dried  at  105°  C.  It  is  claimed 
that  this  precipitate  is  free  from  occluded  salts  and  iron,  and  that  when  dried 
at  105°  C.  it  possesses  the  composition  indicated  by  the  symbol,  24M0O8. 
P205.3(NH4)20  +  24Mo03.P205.2(NH4)oO.H20  -[-  5Aq.  This  procedure 
may  be  applied  to  citrate  soluble  phosphoric  acid.  The  results  communicated 
are  concordant,  to  a  high  degree,  with  those  obtained  by  standard  methods, 
and  from  the  analyses  presented  one  cannot  perhaps  question  the  symbol 
assigned  to  the  yellow  precipitate  as  obtained  by  the  author.  Whether  this 
symbol  is,  "  without  any  doubt,  the  correct  one,"  and  therefore  to  supersede 
all  others,  may  perhaps  be  open  to  argument.    (Compare  Tech.  Quart.,  8,  398.) 

A  Proposed  Schedule  of  Allowable  Difference  and  of  Probable 
Limit  of  Accuracy  in  Quantitative  Analyses  of  Metallurgical  Mate- 
rials. By  E.  D.  Campbell.  /.  Am.  Chem.  Soc,  18,  35-37.  —  The  author 
presents  a  table  based  upon  a  careful  consideration  of  the  usual  errors  of  an- 
alysis, the  commercial  requirements  of  accuracy,  and  the  unavoidable  sources 
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has  taken  place,  and  then  with  a  mixture  of  chromic,  sulphuric,  and  phosphoric 
acids  at  a  boiling  temperature.  The  liberated  gases  are  measured  and  the 
carbon  dioxide  removed  by  absorption  in  caustic  potjish,  its  volume  being  de- 
termined by  difference.  For  a  description  of  the  somewhat  elaborate  appara- 
tus reference  must  be  made  to  the  original  paper. 

Remarks  on  Mr.  Auchy's  Paper  on  the  Volumetric  Determina- 
tion of  Manganese.  Bv  George  C.  Stone.  /.  Am.  Chan,  Soc.^  i8,  228— 
230.  —  The  author  prefers  the  Deshay  method  to  that  of  Williams  or  Volhard 
for  very  small  quantities  of  manganese,  and  gives  the  preference  to  the  last 
named  method  for  general  work.  A  quantity  of  the  material  containing  0.05— 
0.15  gram  manganese  is  dissolved  in  a  slight  excess  of  nitric  acid  (sp.  gr. 
1. 10)  or,  if  an  ore  or  cinder,  in  hydrochloric  acid  and  a  little  potassium  chlo- 
rate. The  solution  is  washed  into  a  half-liter  flask,  the  iron  precipitated  with 
zinc  oxide,  and  an  aliquot  portion  taken  for  analysis.  The  titration  is  com- 
pleted in  a  casserole.  The  use  of  either  nitric,  hydrochloric,  or  sulphuric  acid 
appears  to  the  author  to  be  permissible,  provided  the  iron  be  oxidized.  It  is 
claimed  that  commercial  zinc  oxide  may  be  safely  employed;  but  the  experi- 
ence of  the  reviewer  does  not  point  in  the  same  direction,  as  he  has  found 
considerable  difficulty  in  procuring  a  sample  of  zinc  oxide,  even  one  supposed 
to  be  pure,  with  the  exception  of  the  specially  prepared  oxide  now  on  the 
market  for  use  in  manganese  determinations,  which  did  not  affect  the  perman- 
ganate solution. 

The  lodometric  Determination  of  Selenious  and  Selenic  Acids. 
Bv  F.  A.  GoocH  AND  A.  W.  Peirce.  Am,  /.  5r/.,  151,  31-34.  —  If  arsenic 
acid  be  added  in  excess  to  a  solution  of  potassium  iodide,  acidified  with  sul- 
phuric acid,  and  the  mixture  distilled,  the  iodine  is  completely  liberated  and 
expelled,  with  a  corresponding  reduction  of  the  arsenic  acid  to  arsenious  acid. 
If  selenious  acid  be  also  present,  that  is  first  reduced,  and  the  amount  of 
arsenious  acid  formed  is  proportionately  less.  The  potassium  iodide  is  added 
in  slight  excess  over  the  quantity  required  to  react  with  the  selenious  acid,  the 
exact  amount  of  the  iodide  being  noted.  Dihydrogen  potassium  arseniate 
(2  grams)  is  then  added  and  20  cc.  of  sulphuric  acid.  The  solution  is  boiled, 
avoiding  mechanical  loss,  until  the  volume  is  reduced  from  100  cc.  to  35  cc, 
after  which  the  residual  liquid  is  made  alkaline  with  acid  potassium  carbonate 
and  the  arsenious  acid  titrated  with  iodine.  Selenic  acid  must  first  be  reduced 
to  selenious  acid,  which  is  accomplished  by  potassium  bromide  and  sulphu- 
ric acid,  as  arsenious  bromide  is  non-volatile.  The  results  obtained  by  this 
process  are  very  satisfactory. 

On  the  Interaction  of  Chromic  and  Arsenious  Acids.  Bv  Philip 
E.  Browning.  Am,  J,  Set.,  151,  35-37.  —  The  author  finds  that  chromic 
acid  may  be  determined,  with  the  aid  of  Kessler's  reaction  {Pogg»  Ann.,  95, 
204),  with  a  fair  degree  of  accuracy.  The  procedure  is  the  following:  The 
measured  solution  of  the  chromate  is  mixed  with  dilute  hydrochloric  or  sul- 
phuric acid,  and  an  excess  of  arsenious  acid  is  added  to  the  cold  solution. 
The  action  is  promptly  completed,  and  an  excess  of  sodium  bicarbonate  is 
added  and  a  standard  iodine  solution  in  slight  excess.  The  whole  is  allowed 
to  stand  for  a  half  hour,  after  which  the  excess  of  iodine  is  determined  by  fur- 
ther addition  of  arsenious  acid,  using  starch  as  indicator.  The  addition  of 
Rochelle  salts  prevents  the  precipitation  of  the  chromium  by  the  bicarbonate, 
but  interferes  somewhat  with  the  final  end-point. 
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was  necessary  to  exclude  the  use  of  chlorides  from  the  procedure.  The  solu- 
tions, which  have  been  evaporated  until  fumes  of  sulphuric  acid  are  given  off, 
should  not  be  allowed  to  stand  for  any  length  of  time,  as  there  is  a  tendency 
for  the  bismuth  to  separate  in  a  form  which  subsequent  dilution  and  boiling 
fail  to  redissolve.  It  was  found  that  in  ores  carrying  lead  to  the  extent  of 
lo  per  cent.,  or  over,  practically  all  of  the  bismuth  is  found  in  the  lead  button 
in  the  assay,  so  that  these  buttons  can  be  used  for  the  determination  of  bis- 
muth in  ores  bv  the  usual  method. 

Methods  for  the  Analysis  of  Ores,  Pig  Iron,  and  Steel  in  Use  in 
the  Laboratory  of  the  Carnegie  Steel  Company,  at  Homestead,  Pa. 
By  John  S.  Unger.  Methods  for  the  Analysis  of  Iron  Ores,  Pig  Iron, 
and  Steel  in  Use  at  the  Laboratory  of  the  Monongahela  Furnace, 
McKeesport,  Pa.  By  .Frederick  Crabtree.  Methods  for  the  Analy- 
sis of  Ores,  Pig  Iron,  and  Steel  in  Use  in  the  Chemical  Laboratory 
of  the  Junction  Iron  and  Steel  Company,  Steubenville,  Ohio.  By 
Joseph  M.  Wilson.  Methods  for  the  Analysis  of  Ores,  Pig  Iron,  and 
Steel  in  Use  in  the  Laboratory  of  the  Carnegie  Steel  Company, 
Lucy  Furnace,  Pittsburg,  Pa.  By  Robert  Miller.  —  These  papers  are 
published  as  separate  pamphlets  in  connection  with  the  Proc,  Eng,  Soc,  JV. 
I^a,^  1896,  and  have  been  prepared  in  response  lo  a  circular  issued  by  the 
chemical  section  of  the  society,  having  for  its  object  the  collection  of  the 
methods  of  analysis  in  use  in  the  various  iron  and  steel  works  laboratories  of 
the  region.  The  sub-committee  having  the  matter  in  charge  presents  the 
papers  as  offered  to  them  without  comment  or  discussion.  The  methods  de- 
tailed are  supposed  to  be  those  in  common  use,  on  which  the  commercial 
transactions  of  the  firm  are  based.  When  the  procedure  is  identical  with  one 
previously  published  only  reference  to  such  method  is  made,  but  desirable 
modifications  are  noted.     No  brief  review  of  these  papers  is  practicable. 

A.  II.  Gill,  Kevikwkr, 

On  the  Determination  of  Sulphur  in  Illuminating  Gas  and  in 
Coal.  By  Charles  F.  Maherv.  Avi,  Chem,  J.^  18,  207.  —  The  author  re- 
views the  work  which  has  been  done  upon  this  subject,  and  finally  employs 
the  Sauer  method  of  combustion  of  the  gas  with  air  in  a  constricted  combus- 
tion tube,  absorbing  the  products  of  combustion  in  centinormal  sodium  hy- 
drate. This  is  contained  in  a  large  U  tube,  filled  for  at  least  8  cm.  with 
broken  glass.  The  oxidation  of  the  gas  is  found  to  be  practically  complete, 
as  tests  with  hydrogen  peroxide  show.  Furthermore,  the  alkali  in  the  first 
tube  retains  all  the  oxides  of  sulphur  without  difficulty.  For  coal  the  same 
process  is  employed,  using  deci-  or  quinquinormal  sodium  hydrate.  The 
method  for  gas  analysis  does  not,  in  the  reviewer's  opinion,  lend  itself  to  the 
purposes  of  the  inspector  as  well  as  that  of  Hinman,  which  makes  use  of  a 
modified  Drehschmidt  apparatus. 

On  the  Quantitative  Determination  of  Hydrogen  by  Means  of 
Palladious  Chloride.  Bv  E.  D.  Campbell  and  E.  W.  Hart.  Am.  Chctn. 
y.,  18,  294.  —  Following  the  suggestion  of  Phillips,  the  authors  use  for  the  ab- 
sorption of  hydrogen  a  i  per  cent,  solution  of  palladious  chloride  in  a  Hem- 
pel  pipette,  which  can  be  dismounted  and  heated  in  a  water  bath  to  50°  over 
night.     The  absorption  is  shown  by  seven  experiments  to  be  complete.     A 
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G.  W.  RoLFE,  Reviewer. 

On  the  Estimation  of  Levulose  in  Honeys  and  Other  Substances. 
By  H.  \V.  Wiley.  J,  Am,  Ghent,  Soc,,  i8,  81-90.  —  The  author  has  elabo- 
rated the  method  of  Chandler  and  Ricketts  for  determining  the  influence  of 
optically  active  bodies  other  than  invert-sugar,  and  applied  it  to  the  determina- 
tion of  levulose.  This  method  depends  on  the  fact  that  the  optical  rotation 
of  levulose  decreases  as  the  temperature  is  increased.  The  author  has 
proved  that  this  variant  of  the  rotation  is  in  exact  proportion  to  the  increase 
of  temperature  between  0°  and  88°,  the  point  at  which  the  opposite  rotations 
of  dextrose  and  levulose  are  balanced,  and  gives  the  deviation  in  reading  of 
I  gram  of  levulose  in  100  cubic  centimeters  per  degree,  centigrade  as  .0357° 
for  the  Ventzke  scale  or  (.01256)0.  There  is  an  excellent  description  of  the 
apparatus,  which  in  design  of  tube  resembles  that  recently  desciibed  by  Lan- 
dolt;  also  a  clear  exposition  of  the  philosophy  of  the  process  and  deiails  of 
manipulation,  which  will  make  the  paper  valuable  to  the  technical  analyst  es- 
pecially. As  is  intimated,  in  certain  cases  a  few  minor  corrections  will  have 
to  be  made  for  influence  of  acids,  etc.,  especially  if  commercial  glucose  is 
present — a  common  adulterant.  It  will  be  noted  that  the  author  gives  the  fac- 
tor 0.3468  for  converting  degrees,  Ventzke  to  degrees  of  angular  rotation  for 
yellow  light  in  the  case  of  cane-sugar  solutions,  while  recent  German  work 
gives  the  figure  0.344. 

Note  on  the  Use  of  Acetylene  Gas  as  an  Illuminant  for  Polari- 
scopic  Work.  By  H.  \V.  Wiley.  J,  Am,  Chem,  Soc,,  18,  179-182.  —  The 
experiments  of  the  author  in  reading  standard  quartz  plates,  and  especially 
dark  molasses  solutions,  show  **that  the  acetylene  light  is  perfectly  reliable  for 
polarizing  purposes,  that  it  produces  an  intense  degree  of  illumination,  permit- 
ting of  a  very  delicate  distinction  between  shadow  and  illuminated  portions  of 
the  field  of  vision,  and  permits  the  reading  of  solutions  so  highly  colored  as  to 
be  perfectly  opaque  to  the  ordinary  sources  of  light."  The  rate  of  gas  con- 
sumption was  15  liters  per  hour,  measured  at  18°  C.  One  kilo  of  the  carbide 
furnished  a  little  over  226  liters  of  gas. 

On  the  Inversion  of  Sugar  by  Salts.  By  J.  H.  Long.  J,  Am. 
Chem,  Soe.j  18,  120-130.  —  The  author  has  found  that  sugar  syrups  con- 
taining "  heavy  salts "  are  gradually  inverted.  He  gives  the  results  of  a 
series  of  experiments  with  several  cane-sugar  solutions  of  50  grams  per  100 
cubic  centimeters,  containing  respectively  ferrous  iodide,  chloride,  bromide, 
and  sulphate,  ferrous  ammonium  sulphate,  zinc  sulphate,  manganous  chloride, 
manganous  sulphate,  potash  alum,  lead  nitrate,  lead  chloride,  cadmium  chlo- 
ride, and  mercuric  chloride.  Most  of  the  inversions  were  made  at  100**  C. 
The  rates  of  inversion  were  found  to  be  conformable  to  the  Wilhelmy-Ostwald 
formula. 

A.  II.  Gill,  Reviewer. 

The  Determination  of  Solid  Fat  in  Artificial  Mixtures  of  Vegeta- 
ble and  Animal  Fats  and  Oils.  By  J.  H.  Wainwright.  /.  Am,  Chem. 
Soc.,  18,  259. —  The  method,  although  not  based  upon  chemical  principles, 
yet  gives  results  in  practice  within  about  i^  per  cent,  of  the  correct  amount. 
It  consists  in  pressing  out  the  solid  fat  from  ihe  cooled  mixture,  and,  although 
rough,  its  results  surpass  in  accuracy  the  scientific  methods.  150  grams  of 
the  sample  are  melted  in  a  beaker  in  boiling  water,  kept  so  for  an  hour,  and 
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ical  results  due  to  this  coloring  matter  before  deciding  upon  the  quality  of  a 
supply.  The  instrument  devised  by  Joseph  \V.  Lovibond,  of  Salisbury,  Eng- 
land, called  the  tintometer,  has  been  used  in  measuring  the  quantity  of  color 
in  water.     The  paper  is  accompanied  by  charts  and  tables. 

The  Measurement  of  the  Colors  of  Natural  Waters.  By  Allen 
Hazen.  y.  Am.  Chem.  Soc,  i8,  264-275.  —  The  author  discusses  at  length 
the  different  methods  which  have  been  used  for  the  determination  of  depth 
of  color  in  water,  with  especial  reference  to  the  use  of  the  platinum  standard. 

Note  on  the  Microscopic  Detection  of  Beef  Fat  in  Lard.  Bv 
Thomas  S.  Gladding.  J,  Am,  Chem.  Soc,  18,  189.  —  The  author  crystallizes 
the  stearin  from  an  ether  solution  preparatory  to  the  examination. 

Chemical  vs.  Bacteriological  Examination  of  Potable  Water. 
By  W.  p.  Mason.  /.  Am.  Chem.  Soc,  18,  166-168.  —  Professor  Mason  gives 
a  timely  caution  in  regard  to  the  danger  of  placing  loo  great  reliance  on  the 
popular  meihod  of  testing  for  sewage  pollution  in  potable  water.  The  possi- 
bilities of  modern  chemical  analysis  are  hardly  appreciated  outside  of  a  few 
laboratories,  and  it  is  quite  time  for  the  chemist  to  call  attention  to  the 
change  in  his  position  in  regard  to  the  interpretation  of  water  analyses. 

Milk  Testing.  Bu/l.  No.  loi,  Ontario  Agr.  College  and  Experimental 
Farm,  1-30.  —  The  notes  from  the  Dairy  School  contain  very  clear  and  con- 
cise directions  for  the  testing  of  milk,  cream,  and  cheese,  and  also  give  the 
precautions  to  be  taken  in  order  to  secure  accurate  results. 

Index  to  the  Literature  on  the  Detection  and  Estimation  of 
Fusel  Oil  in  Spirits.  By  W.  D.  Bigelow.  /.  Am.  Chem.  Soc.,  18,  397- 
402.  —  Nearly  fifiy  names  of  authors  and  about  three  hundred  references  indi- 
cate the  amount  of  work  which  has  been  done  on  this  subject. 

The  Use  of  the  Calorimeter  in  Detecting  Adulterations  of  Butter 
and  Lard.  Bv  E.  A.  Schweinitz  and  Jamks  A.  Emery.  /.  Am.  Chem. 
Soi.,  18,  174-179.  —  A  new  method,  which  maybe  useful  in  connection  with 
others  for  the  determination  of  certain  fats  in  mixtures,  is  described.  The 
combustion  calories  yielded  by  the  different  pure  fats  seem  to  be  an  indica- 
tion of  their  chemical  composition,  and  thus  to  furnish  additional  evidence  in 
doubtful  cases. 

Assajin^. 

II.    O.    IIOKMAN,    RkVIEWER. 

Notes  on  the  Assay  of  Rich  Silver  Ores.  Bv  E.  H.  Miller  and 
C.  H.  Fulton.  School  Mines  Quart. ^  17,  160-170.  This  subject,  which  has 
lately  been  much  discussed  by  Mason  and  Bowman,  Dewey,  Stetefeldt,  Fur- 
man,  Rose,  and  others,  is  here  taken  up  again,  the  aim  being  to  show  how 
much  of  the  loss  is  due  to  slagging  in  the  crucible  and  in  the  scorifier,  and 
how  much  to  separating  silver  (gold)  from  lead  in  the  cupel.  Two  ores 
were  assayed,  one  a  cerussite  rich  in  silver,  but  low  in  gold ;  the  other  an 
argeniite  rich  both  in  silver  and  gold.  Four  tables  contain  the  results  ob- 
tained, and  their  tendency  is  to  giv^  •  «  beucr  showing  than 
the  scorifier. 
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The  Manufacture  of  Acetone  and  Acetone-Chloroform  from 
Acetic  Acid.  By  Edward  K.  Squibb.  Squibb' s  Ephemeris,  4,  17 43-1 757; 
y.  Am,  Cfiem,  Soc,,  18,  231-247. — The  first  part  of  this  paper  is  devoted  to 
the  discussion  of  the  history,  properties,  composition  and  methods  of  prepar- 
ing acetone,  and  to  the  claims  of  the  owners  of  a  certain  patent  that  the  proc- 
ess described  by  the  author  in  a  paper  read  before  the  American  Chemical 
Society  in  1895,  infringes  said  ])atent.  He  shows  that  the  patentees  declare 
barium  acetate  to  be  formed  at  a  temperature  at  which  it  cannot  exist.  Fur- 
thermore, that  by  his  process  a  barium  or  any  other  salt  in  the  furnace  is  not 
essential  to  the  formation  of  acetone  from  acetic  acid.  Test  runs  made  with 
the  furnace  filled  with  pumice  stone  only  demonstrated  that  acetone  could  be 
made  from  acetic  acid  directly ;  but  in  four  cases  impossible  results  were  ob- 
tained, showing  a  decomposition  of  more  than  100  per  cent,  of  the  acid  used. 
These  are  supposed  to  be  due  to  errors  in  the  use  of  the  hydrometer  or  in 
analysis.  It  seems  to  the  reviewer  that  it  would  have  been  well  to  state  the 
actual  weights  of  crude  acetone  obtained  in  each  run.  The  remainder  of  the 
paper  is  given  to  the  consideration  of  the  preparation  of  chloroform  from  ace- 
tone. The  results  and  conclusions  of  early  investigators  are  taken  up,  partic- 
ular attention J:)eing  given  to  the  paper  of  Siemerling  {Archiv,  d,  Pharm,^  54, 
23),  in  which  gross  errors  are  pointed  out.  And  it  is  further  shown  that  the 
United  States  patent  issued  to  G.  Rumpf  for  "An  Improvement  in  the  Manu- 
facture of  Chloroform  from  Acetone  "  is  based  upon  these  false  conclusions 
of  Siemerling;  for  the  patentee  claims  an  ** improvement"  on  the  method  of 
Watts,  who  got  his  data  from  Gmelin's  Handbuch  der  C/icmie,  in  which  Sie- 
merling's  paper  is  quoted.  The  author  relates  some  of  his  own  experience  in 
using  the  Siemerling  process,  and  conclusively  demonstrates  the  results  ob- 
tained by  the  latter  to  be  erroneous.  Accepting  the  facts  set  forth  in  this 
paper,  it  is  difficult  to  understand  how  this  Rumpf  patent  could  have  been 
granted,  and  the  claim  made  by  its  owners  that  it  "secures  to  them  the  sole 
right  to  make  chloroform  from  acetone  in  the  United  States"  would  seem 
preposterous. 

Utilization  of  By-Products  from  Coke  Ovens.  Bv  J.  A.  Montgom- 
ery. Proc,  Ala,  Jnd,  Set.  Soc.,  5,  10-19. — An  interesting  paper  on  the  Simon- 
Carves  oven,  and  a  prognostication  of  the  advantages  to  be  derived  from  its 
use  in  coking  Alabama  coals. 

Alabama's  Resources  for  the  Manufacture  of  Portland  Cement. 
By  Eugene  A.  Smith.  Proc,  Ala,  Jnd.  Sci.  Soc.,  5,  44-51.  —  The  paper  con- 
tains a  number  of  analyses  of  Alabama  limestones  and  clays  by  J.  W.  Mallett 
and  W.  B.  Phillips.  The  author  inclines  to  the  opinion  that  a  good  cement 
may  be  produced  from  these  materials. 

Cattle  Poisoning  by  Nitrate  of  Potash.  By  N.  S.  Mayo.  Bull.  No, 
49,  Exp.  S/a.  Kau.  Agr,  College, 

Slag  Cement  in  Germany.  U,  S,  Consular  Rep,,  50,  224-232.  —  This 
article  comprises  four  reports  on  the  manufacture,  use,  and  cost  of  slag  cement 
in  Germany.  From  these  it  would  seem  that  the  industry  is  nearly  extinct  in 
that  countr\\ 

On  Trinidad  Pitch,    By  **  ""  nrroK.    Am. 

J.  Set.,  151,  193-2*^-  t  oC  the 
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than  the  Pennsylvania  and  lighter  than  the  Russian  oil.  In  the  quantities  of 
the  higher  distillates  and  in  its  general  properties  it  resembles  more  nearly  the 
latter.  2.  It  differs  from  the  other  petroleums  in  the  large  amounts  of  sul- 
phur compounds.  ...  3.  It  resembles  the  Pennsylvania  oil  in  containing 
below  150°  members  of  the  series  CnH2n-r2,  although  in  much  smaller  quan- 
tities. ...  4.  The  aromatic  hydrocarbons  are  here  present  in  minute  quanti- 
ties, apparently  much  smaller  than  in  other  petroleums."  Benzene,  toluene, 
m-  and  /-xylene,  hexahydroisoxylene  have  been  identified.  Canadian  petro- 
leum approaches  the  Russian  oil  more  closely  than  does  that  from  Ohio.  It 
contains,  in  small  quantities,  the  same  aromatic  hydrocarbons  which  are  pres- 
ent in  Ohio  petroleum.  The  article  concludes  with  a  discussion  of  the  origin 
of  petroleum,  especially  with  reference  to  the  theory  of  destructive  distilla- 
tion, and  points  out  that  one  of  the  difficulties  is  to  find  the  source  of  heat 
adequate  for  the  decomposition.  Petroleum  has  been  found  in  India  issuing 
from  a  bed  of  tertiary  oysters.  Possibly  the  change  to  petroleum  may  have 
been  accomplished  by  enormous  pressure  in  the  absence  of  air,  and  with  this 
in  mind  the  author  is  conducting  some  experiments  to  ascertain  whether  any 
such  change  takes  place. 

The  Comparative  Efficiency  of  West  Virginia  Coals.  By  James 
W.  Paul.  Eng.  Min,/,,  61,  233.  —  The  article  calls  attention  to  the  fact  that 
the  West  Virginia  coals  are  of  most  excellent  quality,  and  gives  the  physical 
properties,  the  fixed  volatile  matter,  ash,  and  water  of  seventeen  coals.  In 
addition  to  this,  calorimetric  tests  made  with  the  Barrus  calorimeter  are  given. 

Investigations  on  American  Petroleum.  Chemistry  of  the  Berea 
Grit  Petroleum.  By  Charles  F.  Mabery  and  Orton  C.  Dunn.  Am, 
Chem,/,,  18,  215-236.  —  The  article  deals  first  with  the  geological  occurrence 
of  the  oil,  and  then  gives  the  results  of  fractionating  a  large  number  of  the 
oils  from  this  region.  Between  159°  and  160°  the  fraction  was  so  consider- 
able as  to  indicate  the  presence  of  a  single  body.  Such  was  found  to  be  the 
case,  and  after  fifty  fractionations  and  purification  with  sulphuric  acid  the  pres- 
ence of  decane  was  determined.  Undecane  and  dodecane  were  also  found  to 
be  present.  Attention  is  especially  called  to  the  difficulty  of  removing  water 
from  the  petroleums,  sodium  being  required  to  accomplish  it.  When  dry  they 
reabsorb  moisture  greedily. 

Metallurgical    CheImistry. 

H.    O.    IIOFMAN,    KeVIEWER. 

Methods   for   the   Collection   of    Metallurgic    Dust   and    Fume. 

By  M.  \V.  Iles.  School  Mines  Quart.,  17,  97-117.  —  A  critical  review  of  the 
different  methods  used,  especially  by  silver-lead  smelters,  for  settling  out  the 
coarse  and  fine  particles  of  inorganic  matter  held  in  suspension  by  currents 
of  air  passing  off  from  the  various  furnaces. 

The  Amalgamation  of  Rich  Free  Gold  Ores.  ByF.  Hille.  En^. 
J//>/. /.,  61,  136.  —  The  paper  is  a  description  of  small  ball  mills,  of  Lazlo 
pans,  and  of  settlers  used  in  Transylvania  for  amalgamating  small  charges  of 
very  rich  gold  ores.  The  apparatus  appears  well  adapted  for  making  labora- 
tory milling  tests. 
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and  open-hearth  furnace  hardly  any  sulphur  is  eliminated  ;  in  the  correspond- 
ing basic  furnaces  part  of  the  sulphur  is  removed,  the  percentage  depending 
on  the  total  amount  present  and  other  conditions.  Elimination  is  promoted 
by  the  presence  of  manganese  and  by  agitation  with  lime,  calcium  chloride, 
calcium  fluoride,  and  iron  oxide.  From  basic  steel  sulphur  is  in  part  removed 
by  manganiferous  recarburizers.  In  ordinary  mild  structural  steel,  sulphur 
runs  from  0.03  to  0.08  per  cent. ;  fire-box  (dead  soft)  steel,  where  sulphur  and 
manganese  must  be  low,  can  only  be  made  from  low-sulphur  stock.  —  In  fol- 
lowing the  results  of  sixty-four  basic  blows  the  author  finds  that  steel  with 
from  0.1 00  to  0.193  per  cent,  sulphur  showed  little,  if  any,  red-shortness  as 
long  as  manganese  did  not  fall  below  0.3  per  cent.,  the  common  figure  being 
from  0.4  to  0.5  per  cent. ;  steel  with  from  0.036  to  0.103  P^^  cent,  sulphur  was 
more  or  less  red-short  if  manganese  was  low,  viz.,  0.045  —  0.225  P^^  cent. 
In  order  to  insure  freedom  from  red-shortness,  sulphur  in  steel  ought  to  be 
below  0.05  per  cent,  if  manganese  falls  below  0.200  per  cent.  —  In  working 
eleven  hundred  and  forty-nine  heats  in  the  basic  open-hearth  furnace  the  sul- 
phur in  the  pig,  when  melted,  averaged  0.065  P^^  cent. ;  in  the  resulting  steel, 
0.041  per  cent.,  showing  an  elimination  of  36.3  percent.  —  The  paper  gives 
full  data  showing  the  effects  of  amount  of  ore  added,  of  time,  of  initial 
amount  of  sulphur,  and  of  additions  of  lime,  fluorspar,  ferromanganese,  and 
manganese  ore. 

Geological  and  Mineralogical  Chemistry. 

\V.  O.  Crosby,  Reviewer. 

The  Association  of  the  Gasteropod  Genus  Cyclora  with  Phos- 
phate of  Lime  Deposits.  By  Arthur  M.  Miller.  Atner,  Geohgist,  17, 
74-76.  —  This  is  an  attempt  to  determine  the  precise  source  of  the  phosphate 
of  lime  in  the  phosphatic  limestones  of  Kentucky  and  Tennessee.  Specimens 
from  three  different  formations  were  examined.  The  plan  was  to  analyze  the 
rock  as  a  whole,  and  then  a  weighed  number  of  the  fossil  shells  (Cyclora) 
known  to  be  phosphatic.  The  analyses  were  made  by  Dr.  Alfred  M.  Peter, 
with  the  following  results: 


Cyclora  Casts. 

Rock. 

PtO.. 

CasCPO^), 

P,05. 

Ca3(P04),. 

Tennessee  (Devonian)  Specimens, 
Covington  (Hudson  River)  " 

28.0 
22.7 

61.0 
49.5 

11.90 

.77 
8-30 

26.0 
1.7 

Lexington  (Trenton)              " 

Very  rich. 

17.5-65.5 

The  conclusion  is  reached  that  the  phosphate  of  lime  was  separated  from  the 
sea  water  by  these  minute  marine  gasteropods ;  that  the  rocks  are  phosphatic 
in  proportion  to  their  abundance ;  and  that,  as  first  announced  by  Safford,  the 
phosphate  of  lime  accumulation  at  the  bottom  of  the  sea  is  in  inverse  ratio  to 
the  rate  of  sedimentation. 
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a  composition  corresponding  to  3C«Hio06.H20.  When  prepared  on  a  large 
scale  the  products  are  resolved  into  three  groups:  (i)  Normal  cellulose;  (2) 
cellulose  soluble  in  water,  and  forming  insoluble  compounds  with  BaCOj ;  (3) 
cellulose  soluble  in  water,  but  forming  no  Ba  compounds.  The  chemical 
action  of  these  celluloses  was  studied.  Copper  oxide  is  reduced  after  hy- 
drolysis has  been  brought  about.  Osazones  are  formed  by  the  action  of  phenyl- 
hydrazine  on  the  hydrolyzed  product.  KMn04  in  neutral  solution  oxidizes  to 
acetic  acid,  as  does  also  Fehling's  solution.  The  celluloses  yield  acetates  by 
treatment  with  acetic  anhydride  at  its  boiling  point.  From  qualitative  tests 
there  appear  to  be  two  groups  of  substances  —  a  neutral  group,  probably  al- 
doses, and  a  more  acid  group,  giving  insoluble  barium  compounds.  Both 
groups  are  characterized  by  the  furfurol  reactions. 

A  Study  of  Some  Gas-Producing  Bacteria.  By  A.  A.  Bennett  ani> 
E.  E.  Pammel.  y.  Am,  Chem,  Soc.y  18,  157-166.  —  A  study  of  the  gases  pro- 
duced by  the  decomposition  of  sugars  by  five  kinds  of  bacteria  was  made  by 
the  authors.  The  gases  produced  were  measured  and  analyzed  by  means  of 
Hempel's  apparatus.  The  gases  produced  were  carbon  dioxide  and  hydro- 
gen, varying  in  amount  according  to  the  kind  of  sugar  used.  The  bacteria 
are  most  active  in  glucose  solutions  in  general,  although  cane  sugar  and  lac- 
tose are  easily  fermentable  by  some  forms.  The  amount  of  hydrogen  ex- 
ceeds that  of  carbon  dioxide  in  all  cases  recorded,  with  one  exception.  This 
paper  is  very  interesting  from  the  bacteriological  point  of  view. 

Composition  of  Wood  Gum.  By  S.  W.  Johnson.  /.  Am,  Chem,  Soc.^ 
18,  214-223.  —  This  paper  describes  the  work  done  by  chemists  of  the  Con- 
necticut Experiment  Station  upon  the  alkali  soluble  carbohydrates  of  maize 
cobs,  birch  wood,  and  vegetable  ivory.  Xylan,  the  carbohydrate  of  maize 
cobs,  is  found  to  have  a  formula  CcHgO*.  This  is  undoubtedly  the  anhy- 
dride of  xylose,  a  sugar  prepared  by  Koch  from  the  products  of  hydrolysis  of 
wood  gum.  This  compound  when  separated  and  purified  is  a  white,  easily 
powdered  material,  almost  insoluble  in  water,  and  precipitating  with  basic  lead 
acetate.  Xylan  is  not  colored  blue  by  iodine  solution.  As  its  properties  cor- 
respond very  closely  to  those  of  wood  gum  as  described  by  Thomsen,  it  is 
probable  that  the  formula  CeHioOs,  which  has  sometimes  been  given  to  the 
latter,  was  obtained  by  use  of  moist  material.  The  percentage  composition  of 
xylan  is  as  follows:  Carbon,  45.51  per  cent.;  hydrogen,  6.09  per  cent.;  oxy- 
gen, 48.40  per  cent.  —  Birch  wood  gum  has  been  the  subject  of  some  study, 
yielding  preparations  somewhat  different  from  xylan.  The  average  results 
are:  Carbon,  47.58  per  cent.;  hydrogen,  6.17  per  cent.;  oxygen,  46.25  per 
cent.  This  corresponds  nearly  to  a  compound  C4H6O3.  —  Vegetable  ivory 
yields  a  carbohydrate,  mannan,  from  which  mannose  is  obtained.  This  is 
found  to  have  a  composition  CeHjoOj,  and  to  be  readily  extracted  in  a  very 
pure  state  by  dilute  caustic  alkali  solutions. 

A  Proximate  Analysis  of  Polygala  Senega.  By  J.  H.  Schroeder. 
Am,  Jour,  Pharm.^^^  178-182.  —  This  article  is  of  interest  to  pharmacists. 

The  Coloring  Matter  of  the  Aril  of  Celastrus  Scandens.  By  Ida 
A.  Keller.  Am.  Jour,  Pharm.,  68,  183-186.  —  The  author  finds  in  this 
plant  a  red  coloring  matter,  differing  in  some  respects  from  both  xanthin  and 
carotin,  and  possibly  a  connecting  link  between  these  two  pigments. 
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A  New  Balance  for  First  Year's  Work  in  General  Chemistry. 
By  John  T.  Stoddard.  /.  Am.  Chem,  Soc,  i8,  189.  —  The  balance  is  con- 
structed upon  the  principle  of  the  Westphal  balance,  and  is  efficient  and  inex- 
pensive. It  is  sensitive  with  a  load  of  30  grams  to  0.0 1  gram,  and  with  a 
smaller  load  to  0.005  g^^n^- 

A  Nev^  Safety  Distillation  Tube  for  Rapid  Work  in  Nitrogen 
Determinations.  By  Cyril  G.  Hopkins.  /.  Am.  Chem,  Soc,  18,  227. — 
The  vapor  is  made  to  pass  through  side  openings,  the  bottom  being  closed  by 
the  condensed  liquid.  The  arrangement  is  said  to  prevent  completely  any 
alkali  from  being  carried  over  by  the  distillation. 

Apparatus  for  Testing  Exit  Gases.  By  John  Enequist.  Am.  Fer- 
tilizer^ 4,  69.  —  The  apparatus  resembles  an  early  form  of  Orsat's  gas  appara- 
tus, and,  with  the  exception  of  the  burette,  may  be  made  from  the  bottles  and 
tubing  in  any  laboratory.  Cuprous  chloride,  without  any  protection  from  the 
air,  is  used  to  absorb  oxygen,  the  solution  being  kept  reduced  by  copper  gauze. 
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constants  at  25^  determined  by  Ostwald,  has  calculated  the  heat  of  electro- 
lytic dissociation  Q  by  van't  Hoff's  well-known  thermodynamical  formula. 
The  results  are  as  follows : 


Acid. 


\ook  at  o^. 


100^  at  25*^. 


Chloracetic 
Bromacetic 
Malonic    . 
Butyric 
Benzoic     . 
<>.PhthaHc 
/w-Phthalic 
Succinic    . 
Maleic 
Fumaric    . 
Mesaconic 
Citraconic 


0.181 

0.156 

0.136 

0.00166 

0.00632 

0.118 

0.0202 

0.00511 

1.14 

0.0800 

0.0729 

0.369 


0.155 

0.138 

0.158 

0.00149 

0.00600 

0.121 

0.0287 

0.(X)665 

1.30 

0.093 

0.0790 

0.340 


—  999 

—  790 
-f    966 

—  6% 

—  335 
-f  162 
+  2260 
+  1697 
-f  846 
-f  970 
-f    518 

—  522 


The  heats  Q  are  expressed  in  small  calories,  and  the  negative  sign  indicates 
that  heat  is  evolved  by  the  dissociation.  —  The  values  for  the  monobasic  acids 
are  seen  to  be  all  negative,  those  for  the  dibasic  acids,  with  one  exception, 
all  positive,  the  values  being  greater  the  further  the  two  carboxyl  groups  are 
removed  from  each  other. 

On  Numerical  Relations  Existing  between  the  Atomic  W^eights 
of  the  Elements.  Bv  M.  Carey  Lea.  Am,  /.  Sci,,  151,  386-388.  —  The 
author  points  out  the  existence  of  approximately  constant  differences  of  16, 
45,  and  88  between  the  atomic  weights  of  the  elements  with  colorless  ions  in 
the  horizontal  series  of  his  tabular  arrangement  {Tech,  Quart.,  8,  307).  That 
such  differences  exist  in  the  case  of  almost  all  the  elements  when  arranged 
periodically  in  the  usual  manner  has  long  been  known. 

Solids  and  Vapors.  By  Wilder  D.  Bancroft.  P/iys,  Rev,,  3,  401- 
417.  —  The  article  is  devoted  almost  wholly  to  the  discussion  of  the  equilib- 
rium between  hydrated  salts,  their  saturated  solutions,  and  the  vapor  emitted 
by  each.  The  author  denies  the  correctness  of  the  fundamental  principle 
(which  has  been  hitherto  regarded  as  a  necessary  consequence  of  the  second 
law  of  energetics)  that  the  vapor  pressure  of  a  saturated  solution  and  of  the 
salt  in  contact  with  it  are  equal,  and  attempts  to  show  that  inequality  of  pres- 
sure does  not  lead  to  perpetual  motion.  The  author's  difficulty  arises  from 
the  fact  that  he  fails  to  distinguish  the  two  kinds  of  perpetual  motion  from 
each  other  —  that  in  which  energy  is  continuously  created  from  that  in  which 
the  heat  of  the  surroundings  is  continuously  transformed  into  mechanical 
work.     The  first  law  of  energetics  states  the  impossibility  of  the  former,  and 
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H.  M.  Goodwin,  Reviewer. 

The  Conductivity  of  Yttrium  Sulphate.  By  Harry  C.  Jones  and 
Charles  R.  Allen.  Am,  Chem,  /.,  i8,  321-322.  —  The  following  values 
were  obtained  for  the  equivalent  conductivity  of  aqueous  solutions  of  yttrium 
sulphate,  very  carefully  prepared  from  material  used  by  Mr.  Jones  in  his  de- 
termination of  the  atomic  weight  of  yttrium,  v  denotes  the  number  of  liters 
containing  one-sixth  gram-molecular  weight  of  yttrium  sulphate : 


V, 

/%. 

V. 

A^. 

6.49 

23.2 

12.98 

27.8 

1,661 

102.6 

25.96 

32.5 

3,323 

123.8 

51.92 

38.5 

6,646 

152.6 

103.8 

36.9 

13,290 

192.9 

207.7. 

54.0 

26,580 

24^.7 

415.4 

66.6 

53,170 

333.3 

830.7 

78.8 

106,330 

601.1 

On  the  Heat  Effect  of  Mixing  Liquids.  By  C.  E.  Linebarger. 
Phys,  Rev.,  3,  418-431.  —  "  Normal "  liquids  were  chosen  for  these  experiments, 
as  the  relations  holding  were  more  likely  to  be  simple  than  with  h'quids  whose 
molecules  are  "associated."  The  heat  developed  or  absorbed  on  mixing 
such  liquids  was  measured  in  an  ice  calorimeter.  The  results  show  that  it  is 
not  possible  to  predict  whether  an  absorption  or  evolution  of  heat  will  occur. 
Thus  both  ethyl  ether  and  ethyl  iodide  mix  with  toluene  without  an  appre- 
ciable thermal  change,  while  on  mixing  with  each  other  considerable  heat  is 
developed.  Another  anomaly  was  observed  in  the  case  of  carbon  tetrachlo- 
ride, chloroform,  and  toluene.  The  first  and  second  of  these  substances, 
and  also  the  second  and  third,  when  mixed  together  gave  a  heat  absorption, 
while  mixtures  of  the  first  and  third  gave  an  absorption  or  development  of 
heat  according  to  the  proportions.  The  author  concludes  from  experiments 
of  Schiiller,  Alexejew,  and  Perrot  that  temperature  has  no  influence  on  the 
thermal  effect  of  mixing  normal  liquids. 

A  Rapid  Method  of  Determining  the  Molecular  Masses  of 
Liquids  by  Means  of  Their  Surface  Tensions.  Bv  C.  E.  Linebarger. 
J.  4m.  Chem.  Soc,  18,  514-532.  —  In  the  method  described  two  vertical  par- 
allel capillary  tubes  of  different  bore  are  used,  one  being  fixed,  the  other 
movable  in  a  vertical  direction  by  means  of  a  micrometer  screw  reading 
to  -^^-^  inch.  The  two  tubes  are  connected  by  rubber  tubing  and  a  glass 
Y  tube  to  a  common  air  reservoir  (a  rubber  ball),  the  pressure  in  which  may 
be  increased  at  will  by  means  of  a  screw.  The  capillaries  dip  in  the  liquid 
whose  surface  tension  is  desired.  This  is  contained  in  a  test-tube  properly 
jacketed  by  various  baths  for  maintaining  constant  temperatures.     The  pro- 
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which  standard  iodine  solution  is  run  in  without  any  delay.  The  flask 
should  be  set  away  out  of  sunlight  during  one  or  two  hours,  after  which 
the  excess  of  iodine  is  determined  by  arsenious  acid.  The  formation  of  a 
small  amount  of  iodate  is  possible.  To  detect  and  provide  for  this  it  is 
advisable  to  acidify  the  solution  and  titrate  for  any  liberated  iodine  with 
thiosulphate.     The  experimental  data  cited  are  very  satisfactory. 

Insoluble  Phosphorus  in  Iron  Ores.  By  C.  T.  Mixer.  Eng,  Min. 
y,,  62,  4.  —  The  author  finds  that  the  fusion  with  sodium  carbonate  of  any 
residue  which  may  be  insoluble  in  acids  may  be  replaced  by  simple  calci- 
nation at  a  red  heat  for  a  few  minutes.  By  this  treatment  the  phosphoric 
acid  is  rendered  soluble,  and  may  be  extracted  by  hydrochloric  or  nitric  acid 
and  the  solution  so  obtained  added  to  the  main  solution.  By  this  procedure 
considerable  time  may  be  gained. 

Effect  of  Varying  Acid  in  Cyanide  Determination  of  Copper. 
By  F.  N.  Flvnn.  Eng.  Min,  /.,  62,  51.  —  Experimental  data  are  presented 
to  show  that  the  statement  made  by  C.  and  J.  J.  Beringer,  in  their  Text- 
Book  on  Assayings  to  the  effect  that  the  amount  of  nitric  acid  added  in  the 
cyanide  copper  determination  is,  within  reasonable  limits,  immaterial,  is  not 
correct.  It  is  pointed  out  anew  that  the  conditions  must  be  the  same,  with 
respect  to  the  nitric  acid  used,  in  standardization  and  in  analysis. 

The  Carbon  or  Ash  Determinations  in  Graphite  or  Coke.      By 

R.  Helmhacker.  Eng.  Min.  /.,  62,  55.  —  The  methods  proposed  include 
either  the  ignition  of  the  coke  or  graphite  in  a  platinum  boat  in  a  current 
of  oxygen ;  or,  for  the  determination  of  the  ash,  the  ignition  in  a  platinum 
crucible  after  the  admixture  of  silver  dust.  The  latter  appears  to  promote 
the  oxidation  of  the  graphite  and  lessen  the  time  required  for  combustion. 
The  method  is  that  proposed  by  Shtolba. 

Determination  of  Sulphur  in  Coke  and  Coal.  By  R.  Helmhacker. 
Eng.  Min./.,  62,  106.  —  Shtolba's  modification  of  Eschka's  method  is  recom- 
mended, which  involves  the  use  of  silver  dust  in  place  of  magnesium  oxide. 
A  gram  of  the  coal  or  coke  is  mixed  with  i  gram  of  the  silver  powder,  and 
one-half  gram  of  sodium  bicarbonate.  The  ignition  requires  but  twenty  to 
twenty-five  minutes  for  a  coal,  or  thirty  to  forty  minutes  for  a  coke.  The 
subsequent  procedure  is  the  same  as  that  laid  down  by  Eschka. 

Cyanide  Copper  Assay.  By  J.  J.  Beringer.  Eng.  Min.  J.,  62,  172. 
—  The  author  defends  the  statements  made  in  his  Text-Book  on  Assaying 
regarding  the  effect  of  varying  quantities  of  nitric  acid  upon  the  accuracy 
of  the  cyanide  process,  replying  to  the  criticisms  by  F.  N.  Flynn.  (Compare 
this  Rei'.y  2,  69.) 

Determination  of  Sulphur  in  Roasted  Zinc  Blend.  By  J.  George 
Heid.  Eng.  Min.  J.,  62,  178.  —  The  author  points  out  that  during  the  roast- 
ing of  zinc  ores  the  evolution  of  the  sulphide  sulphur  is  not  complete,  but 
that  the  roasted  mass  contains  some  sulphide,  and  also  sulphate  of  magne- 
sium and  calcium  formed  during  the  calcination.  To  determine  the  sulphur 
present  as  sulphide  the  mass  is  twice  treated  with  a  5  per  cent,  solution  of 
sodium  acetate,  which  removes  the  sulphur  present  as  sulphates,  after  which 
the  sulphides  are  treated  with  aqua  regia  in  the  usual  manner. 
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complex  mixtures  as  volatile  oils."  The  paper  is  thorough,  well  arranged, 
gives  many  valuable  references,  and  is  of  particular  interest  to  those  engaged 
in  detecting  adulterations,  or  upon  proximate  organic  analysis. 


Assaying. 

H.  O.  HoFMAN,  Reviewer. 

Assays  of  Copper  and  Copper  Matte.  Trans,  Am,  Inst  Min,  Eng.^ 
25,  250-292,  1000- 1010. —  i'he  object  of  this  joint  investigation,  which  was 
made  in  accordance  with  the  plan  suggested  by  A.  R.  Ledoux  {2 ram.  Am, 
Inst,  Min.  Eng,^  24,  575-582,  872-878),  was  to  arrive  at  a  method  for  assay- 
ing silver  and  gold-bearing  copper  bars  and  mattes  which  will  give  uniformly 
accurate  results.  Over  twenty  public  assayers  and  metallurgical  establish- 
ments took  part  in  the  work.  The  methods  used  and  the  highest  and  lowest 
results  obtained  are  given  below  : 

Silver  and  Gold  Assays. 


Method. 

Mattk. 

COPPBR   BOKINCS. 

Ag. 

Au. 

Ag. 

Au. 

Direct  scorification 

122  88-135.88 

2.09-2.41 

147.40-164.05 

0  32-0.42 

Crucible  method 

123.6 

2.26 

1 

•   ••■                                  •••• 

Combined  wet  and  scorification  method, 

123.03-130.68 

1.85-240 

14850-161.40 

O21-O.501 

Combined  wet  and  crucible  method  .     . 

126.20 

2.09 

161.35              042 

Copper  Assays. 


Method. 

Matte. 

Copper  borings. 

Electrolysis     ........ 

Cvanide 

54.50-55.17 
5055-54.80 

55.0 

54.52 

97.04-97.50 
97.98 

Iodide     .....     

Not  stated . 

97.52 

The  results  in  the  case  of  the  gold  and  silver  values  are  expressed  in  ounces 
per  ton  ;  in  the  case  of  the  copper  in  per  cents.  The  variations  are  seen  to 
be  very  large.  For  details  of  the  methods  and  the  discussions  the  reader  is 
referred  to  the  original  paper. 

Separation  of  Silver  from  Gold  by  Volatilization.  Bv  J.  W.  Rich- 
ards. /.  Franklin  Inst..,  141,  447-451.  —  In  the  Platlner  blowpipe  silver  as- 
say, buttons  ranging  from  0.5  to  1.5  mgr.  are  obtained  if  100  mgr.  of  ore  are 
taken  ;  the  weights  are  found  by  measuring  the  buttons  and  multiplying  the 
weights  of  spheres  of  the  same  diameters  by  0.6346  if  the  buttons  are  pure 
silver,  by  0.7506  if  pure  gold.     With  dor^-silver  buttons  Plattner  recommends 
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both  in  cost  and  in  nutrition,  between  intelligent  and  careless  provision  of 
food  for  the  family.  There  is  material  for  reflection  in  the  subjoined  table. 
The  small  excess  of  eighty  calories,  in  the  case  of  the  mechanic's  family,  was 
gained  at  a  cost  of  eight  cents,  a  sum  which,  if  spent  according  to  the  econ- 
omy of  the  other  family  would  have  furnished  1,235  calories.  The  fallacy  of 
the  assertion,  so  frequently  made,  that  meat  is  the  most  nutritious  food  is  also 
very  well  brought  out : 


Kind  of  food  material. 

Total  weight 
in  pounds. 

Cost. 

Protein 
in  grams. 

Fat 
in  grams. 

Carbo- 

hydrates  in 

grams. 

Fuel  value 
in  calories. 

• 
^4 

Food  purchased ,    .     . 

Animal      

Vegetable       .    .    . 

3.69 

•  •  •  • 

•  •  •  • 

^.12 
0.06 

75 
36 

106 
4 

32 
317 

1.425 
1.485 

Total     .... 

•  •  •  « 

.18 

111 

110 

349 

2.910 

u 

t 

Waste : 
Animal       .... 
Vegetable  .... 

•  •  •  • 

•  •  •  • 

•  •  • . 

•  *  •  • 

4    ;      8 

1 

•  • 

9 

90 
40 

X  OlaI       •       •       •        •     \           «••« 

. .  •  • 

5 

8 

9      '       130 

• 

Food  purchased,     .     . 
Animal       .... 
Vegetable  .... 

4.20 

•  •  •  • 

•  •  •   • 

$0.13 
0.13 

62 
44 

143 
14 

14 
461 

1.640 
2.200 

< 

Total    .... 

•  •  •  • 

0.26 

106 

157 

475 

3.840 

C/l 

2: 
H 

Waste: 
Animal       .... 
Vegetable  .... 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

13 
3 

22 
1 

•  • 

67 

260 
295 

Total     .... 

1 

•  •  •  • 

•  •  •  • 

16 

23 

67 

555 

The  Restoration  of  the  Consistency  of  Pasteurized  Cream.  By 
S.  M.  Babcock  and  H.  L.  Russell.  Univ,  Wis,  Agr,  Expt,  Sta,,  Bull,  No, 
54,  1-8.  —  The  use  of  viscogen  (sucrate  of  lime)  for  restoring  the  consistency 
of  Pasteurized  cream,  and  for  otherwise  improving  its  quality,  is  discussed 
from  a  sanitary  standpoint.  The  authors  consider  the  use  of  this  substance 
to  be  legitimate  and  safe. 

Effects  of  Drouth  upon  Milk  Production.  By  L.  L.  Van  Slyke. 
N,  Y,  Agr,  Expt,  Sta.,  Bull.  No,  105,  131-152.  —  It  will  be  of  interest  to  the 
milk  analyst  and  to  the  food  chemist  to  examine  the  figures  given  in  this 
paper  on  the  relative  proportion  of  fat  to  casein,  which  seem  to  show  that  the 
lack  of  sufficient  nutrition  of  the  cows,  owing  to  the  drying  up  of  the  pastures, 
results  in  a  diminution  of  the  casein  from  May  to  August  of  0.2  of  i  per  cent. 
During  the  same  time  the  per  cent,  of  fat  increases  up  to  0.3.  Later  both 
increased  so  that  in  September  and  October  the  casein  was  0.3  and  the  fat 
was  0.6  higher  than  in  May,  but  the  yield  of  milk  had  decreased  33  per  cent. 
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Organic  Solids  not  Sugars  in  Cane  Juice.  II.  Non-Nitrogenous 
Substances.  By  W.  Maxwell.  La.  Sta.y  Bull.  38,  1386-1395.  —  The  author 
finds  the  so-called  gums  of  sugar  juice  to  be  a  mixture  of  vegetable  mucilages 
and  gums.  They  break  up,  by  action  of  acids,  to  glucoses  and  cellulose.  The 
small  amount  of  true  gums  are  pentosans,  or  they  break  up  into  pentoses. 
The  author  gives  results  of  experiments  on  these  gums  with  mercuric  nitrate 
the  electric  current,  and  the  action  of  freezing. 

Dextran,  One  of  the  Gums  of  Our  Sugarhouse.  Bv  G.  C.  Tay- 
lor. La.  S/a.,  Bull.  38,  1334-1340.  —  The  author  has  found  that  sugar  solu- 
tions are  rapidly  converted  into  dextran  by  the  action  of  a  bacterium.  He 
shows  that  the  organisms  are  present,  in  large  quantity,  in  massecuites  and 
sugars.  He  estimates  that  10  to  40  per  cent,  of  the  wagon-sugars  of  the 
State  are  destroyed  by  this  growth. 
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